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Ups and Downs in Research Support 


The United States debt is approaching its statutory limit. This fact is 
the primary justification for the recent order to the Department of Defense 
and other Federal agencies to reduce expenses. In the application of this 
general order to specific budgets, one of the most drastic of the cuts re- 
duced the funds of the Office of Sciertific Research—the Air Force office 
with responsibility for supporting basic research—to half of its appropriated 
$16 million. Since $8 million was barely sufficient to meet obligations al- 
ready incurred, new contracts could not be written and most expiring con- 
tracts could not be renewed. 

Repercussions were immediate, and went far beyond the enforced alter- 
ation of personal and research plans of a number of scientists. According to 
Aviation Week, one university announced that it would accept no more Air 
Force contracts for basic research because of the difficulty of working under 
such financial uncertainty. Scientific advisors to the Government and di- 
rectors of military research programs protested that such sudden changes 
caused irreparable harm to the military research program, that the sudden 
termination of a contract not only produces immediate disruption but also 
deprives everyone concerned of much of the potential benefit of the money 
invested during previous years, and that the military services were weak- 
ening their ties with civilian science. 

These arguments have led to a partial restoration of the cuts. The Office 
of Scientific Research has had its budget restored to the $16 million level. 
But not all military research and development agencies will be so fortunate, 
and, indeed, the restoration of this one fund is likely to be at the expense 
of other research budgets. 

Restoration of the Office of Scientific Research funds will be of imme- 
diate satisfaction to the office and its contractors, but the basic problem 
remains untouched, and is in fact well illustrated by the rapidity of the 
recent reduction and restoration. The officers responsible for research plan- 
ning and administration understand clearly that basic research is an invest- 
ment, that one cannot walk into a research laboratory and buy a bit of 
research off the shelf. They know that time is required to organize an effec- 
tive research staff and program, and that the return on money invested in 
basic research is normally a cumulative one spread over a number of years. 
These points are widely understood, but not widely enough, so it is en- 
couraging to note the understanding of the nature of basic research ex- 
pressed by the new Secretary of Defense in his first press conference. 

The fundamental problem involved cannot be solved until the impor- 
tance of continuity is generally recognized. Permanence of support of a 
particular contract is not necessary and neither is a steadily rising budget, 
but continuity and advance planning are. A moderately steady amount, at 
any level, will bring a better research return than will widely fluctuating 
amounts that average at the same level. The current difficulties provide an 
object lesson on the importance of damping out big swings in basic research 
expenditures, just as the current pressure to catch up on the earth satellite 
program points up the error of the erratic earlier support of rocket research. 

This is one aspect of a more general issue. The military services have 
decided that they should contribute to the support of basic research. Al- 


‘though this decision has executive and legislative endorsement, it does not 


yet have unanimous support throughout the Department of Defense. Never- 
theless, the decision will probably prevail, and the services will continue to 
support basic research. That being the case, it appears to be an obligation 
of the officers and civilians responsible for over-all administration to consult 
with their own research administrators and to learn how to make the mili- 
tary support as effective as possible-—D.W. 
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Shown at Bell Laboratories, Murray Hill, N.J., are, left to right, F. J. Herr, S. T. Brewer, L. R. Snoke. E. E. Zajac and F. W. Kinsman, 


They're wiring the seas for sound 


These five Bell Labs scientists and engineers may never “go down to the sea in ships.” Yet, 
they’re part of one of the most exciting sea adventures of modern times. Along with many 
other specialists, they are developing the deep-sea telephone cable systems of the future. 


Here’s how they join many phases of communications science and engineering—to bring 
people who are oceans apart within speaking distance. 


F. J. Herr, M.S., Stevens Institute, is concerned 
with systems design and analysis. He studies the 
feasibility of new approaches and carries out 
analysis programs to select optimum parameters 
for a proposed system design. 


S. T. Brewer, M.S. in E.E., Purdue. communications 
and electronics engineer, explores new designs 
for sea-bottom amplifiers needed to step up 
power of hundreds of simultaneous telephone 
conversations. 


L. R. Snoke, B.S. in Forestry, Penn State, is the 
team biologist. He investigates the resistance of 
materials to chemical and microbiological attack 
in sea water. Materials are evaluated both in 
the laboratory and in the ocean. 


E. E. Zajac, Ph.D. in Engineering Mechanics, Stan- 
ford, is a mathematician. He studies the kine- 
matics of cable laying and recovery. Cable’s 
dynamic characteristics, ship’s motion, the 
mountains and valleys in the ocean bottom—all 
must be taken into account. 


F. W. Kinsman, Ph.D. in Engineering, Cornell, 
solves the shipboard problems of storage, han- 
dling and “overboarding” of cable. New ma- 
chinery for laying cable is being developed. 


Deep-sea cables onve were limited to trans- 
mitting telegraph signals. Bell Labs research 
gave the long underseas cable a voice. New re- 
search and development at the Labs will make 
this voice even more useful. 


BELL TELEPHONE LABORATORIES 


WORLD CENTER OF COMMUNICATIONS RESEARCH AND DEVELOPMENT 
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Geology from the Air 


Richard G. Ray and William A. Fischer 


Aerial photographs are one of the most 
important tools of the modern geologist. 
However, it is only in recent years that 
aerial photographs have received exten- 
sive use in geologic mapping and ex- 
ploration and that their significance as 
a source of geologic information has 
gained wide recognition. 

The economic importance of aerial 
photographs in geologic mapping and ex- 
ploration has been demonstrated many 
times in recent years. Noteworthy in this 
regard was the extensive use of photo- 
graphs for geologic interpretation of the 
central Iranian basin, the site of one of 
the most spectacular oil discoveries of 
1956 (1). Some years earlier, aerial pho- 
tographs played a significant part in the 
discovery of Cerro Bolivar, the iron-ore 
bonanza of Venezuela (2). Today, a 
number of private Canadian companies 
are collaborating in mapping part of th- 
Canadian Shield in one of the most ex- 
tensive geologic mapping programs yet 
undertaken with aerial photographs (3). 

Aerial photographs, when properly 
used in geologic work, add speed, econ- 
omy, and accuracy to geologic mapping 
as well as certain geologic information 
impossible, difficult, or economically in- 
feasible to obtain by routine field-map- 
ping methods. These “assists” to geologic 
mapping are a result of many factors. 
Aerial photographs permit views of large 
areas and hence reveal to the geologist 
over-all geologic relationships that could 
not readily be seen otherwise. In addi- 
tion, the geologist obtains a plan view of 
the terrain, similar to the planimetric 
presentation of geologic maps. Photo- 
graphs may also show the geologic ter- 
rane in a way that it cannot be seen by 
the naked eye, that is, as in infrared, 
camouflage-detection, or other special 
photography; hence, geologic informa- 
tion is revealed that might otherwise be 
obscure. 
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Furthermore, all features, both nat- 
ural and cultural, that are clearly ex- 
pressed on aerial photographs can be 
easily measured. The accuracy of meas- 
urement depends primarily on the scale 
of the photography. The use of photo- 
grammetric instruments not only _per- 
mits measurements, which are impor- 


_tant in interpretation, but also increases 


mapping accuracy and to a lesser extent 
increases the speed and economy of map- 
ping. The degree to which aerial pho- 
tographs are used varies widely, but to 
whatever extent photo techniques are 
employed, they must remain principally 
an aid, or tool, in geologic mapping and 
not a substitute for field mapping. 


Viewing the Photographs 


“Vertical” photographs are most com- 
monly used for geologic study; these are 
photographs taken with the camera lens 
pointing vertically down from the air- 
plane. Normally, aerial photographs are 
taken from positions so spaced that each 
image within the field of the camera ap- 
pears on at least two photographs. When 
two photographic images of the same ob- 
ject, taken from different positions, are 
combined optically by means of some 
sort of stereoscopic viewing device, the 
familiar 3-D effect is seen. The viewing 
device may be a simple lens stereoscope 
(Fig. 1), a mirror stereoscope (Fig. 2), 
or a precision mapping instrument such 
as the Kelsh plotter (Fig. 3). Aerial pho- 
tographs, of course, can be studied in 
two-dimensional “plan view” by using 
single prints of aerial photographs or 
groups of prints mosaicked together, but 
the value of three-dimensional stereo- 
scopic examination of the aerial photo- 
graphs as compared with the value of 
examination of the two-dimensional plan 
view cannot be overemphasized. Whereas 


conspicuous geologic features are com- 
monly visible on single aerial photo- 
graphs or mosaics of aerial photographs, 
the wealth of information shown in a 
stereoscopic view is many times greater. 
Details, such as fine lines or textural 
differences not readily seen on singie 
photographs, or even on the ground, are 
commonly shown clearly in the stereo- 
scopic model. Such clarity is in many 
places a direct result of the common 
association of fine lines and textures with 
relief changes, which are exaggerated in 
most stereoscopic models. 

The value of the 3-D effect in geo- 
logic interpretation is increased by the 
vertical exaggeration, or relief exaggera- 
tion, that commonly occurs in stereo- 
scopic viewing of aerial photographs. 
This exaggeration results from the wide 
spacing of camera positions at the time 
of exposure, as contrasted to the spacing 
of the human eyes; it is of particular 
value in interpreting the angle of dip of 
sloping surfaces, such as sedimentary 
beds, and thus low dips of | to 2 degrees, 
which may be especially significant in 
petroleum exploration, may be readily 
interpreted from the aerial photographs. 
In addition, minor topographic differ- 
ences, which may reflect underlying geo- 
logic structure, are exaggerated and in 
turn may be easily recognized. The exag- 
geration of relief in a stereoscopic model 
of 1/20,000-scale photographs taken with 
a 6-inch-length lens is such that a geolo- 
gist is enabled to differentiate differences 
in elevation as small as 1 foot. 


Kinds of Information 


There is hardly any terrane which will 
not yield some geologic information from 
a study of aerial photographs. The 
amount of information naturally varies 
with the kind of terrane and the climatic 
environment. 

Figure 4, showing a sequence of shales 
and sandstones in western United States, 
demonstrates convincingly the usefulness 
of photogeologic procedures in mapping 
the distribution of rock types. The clear- 
cut geologic contacts can be accurately 
mapped from photographs, thus elimi- 
nating much time-consuming effort in 
the field. 

In a different climatic but geologically 


The authors are on the staff of the photogeology 
section, U.S. Geological Survey, Washington, D.C, 


725 


7 
| 
pt, 
ny 
re. 
ng 
in : 
ne- 
e’s 
he 
all 
ell, 
an- 
ns- 
rch 
re- 
ike 
126 


similar area, Arctic Alaska, gently folded 
and faulted rocks in a potentially oil- 
bearing region are very poorly exposed 
(see Fig. 5). Differential resistance to 
erosion of sedimentary rock units com- 
bines with structural attitude to reveal 
bedding by slight topographic breaks 
and minor changes in vegetation type. 
The topographic breaks are exaggerated 
in stereoscopic view and permit the in- 
terpreter to detect information not read- 
ily apparent in ground study. Although 
the rocks do not actually crop out, the 
structural setting, so important to the 
petroleum industry, can be easily inter- 
preted. 

An extreme example of the value of 
aerial photographs in interpreting oil 
structures was a photogeologic study of 
the Square Lake area in northern Alaska. 
Fischer (4) reports that field parties have 
spent entire seasons within and immedi- 
ately adjacent to the Square Lake area 
without detecting the Square Lake anti- 
cline. No outcrops are present, but small 
hills in the area are elongate in the same 
direction as the regional structural trend. 
Normal to this trend, other hills slope 
gently in a direction of postulated dip. 
Also, streams on the postulated dip slope 
have a slightly less well developed den- 
dritic pattern than those on the opposite 
slope. There also seems to be a possible 
correlation between the slopes of the tops 
of cutbanks and the direction of dip. 
Plotting of all such data gave a consistent 
apparent structural pattern—a plunging 
anticline—of unknown reliability. A sub- 


Fig. 2. Mirror stereoscope. 
726 


sequent seismic study corroborated the 
photo study, and test drilling in turn 
confirmed the photo and seismic work. 
In another similar terrain, photointerpre- 
tation based on minor topographic vari- 
ations and stream patterns indicated a 
structural axis, later substantiated by seis- 
mic work (4). Drilling indicated a huge 
gas reservoir. 

A study of heavily forested terrain of 
southern Alaska further indicates how 
aerial photographs and photo procedures 
may be used in geologic study and map- 
ping. In the Prince William Sound area 
a detailed study of fracture systems was 
made, and locations of fractures were 
plotted with respect to fractures mapped 
by ground methods and known to be 
associated with ore deposits, primarily 
copper. Figure 6 shows how fractures 
are visible on aerial photographs even 
within the heavily forested areas. Such 
fractures are observed only with great 
difficulty and expenditure of effort by 
ground traverse. The association of cer- 
tain fractures with ore deposits in turn 
suggests areas that might be prime target 
areas for ore search. Similar studies have 
been made in British Columbia by a 
leading mining company, and many 
square miles have been eliminated as 
primary target areas prior to any field 
study. Another leading mining company 
in eastern United States follows this pho- 
tointerpretation technique with geophys- 
ical surveys of areas of favorable struc- 
tural setting for ore deposits. 

Of more subtle nature, but of con- 
siderable economic significance, is the 
study of patterns, particularly stream 
patterns, resulting from the adjustment 
of streams to underlying geologic struc- 
ture. Even in jungle areas, invaluable 
data relating to structure may be ob- 
tained from aerial photographs by a 
technique colloquially termed “creekol- 
ogy,” the analysis of stream pattern. 
Figure 7 shows how stream patterns can 
define a geologic structure, such as an 
anticline. Note how streams flow away 
from the suspected elongate domal struc- 
ture. In other areas soil or vegetation 
patterns may suggest underlying struc- 
ture. 

It is clear, then, that aerial photo- 
graphs can be an extremely useful tool 
in geologic mapping and exploration, but 
one must realize that the technique has 
its limitations as well as its advantages. 
The interpreter can only guess at the 
composition of rock types; he cannot 
identify mineral type or absolute ages 
of rocks, nor can he obtain such infor- 
mation as paleontological data. 

The importance of aerial photographs 
in geologic study may differ with respect 
to the geologic terrane being mapped 
and the objectives to be obtained. In 
many studies, it would seem logical to 
make preliminary photogeologic studies 


Fig. 3. Kelsh plotter, used for interpreting, 
measuring and plotting geologic data. 


just as it is normally a preliminary step 
to investigate available literature before 
going into the field. In reconnaissance 
mapping, especially of remote or inac- 
cessible areas, photogeologic procedures 
can be used as the principal mapping 
technique, and preliminary maps can be 
compiled solely on the basis of photo 
study. In detailed mapping, photogeo- 
logic procedures provide a supplemenial 
mapping technique and assist the de- 
tailed field investigation. But, in any 
event, a look at photographs early in a 
mapping program is desirable and in 
certain investigations is necessary to ef- 
fective follow-up study in the field. Com- 
mercial companies are relying more and 
more on preliminary photo study to de- 
lineate potential oil-bearing or mineral- 
ized areas in which to concentrate field 
investigations. 


Interpretation—Recognition Elements 


Interpretation of aerial photographs is 
based on recognition elements—charac- 
teristics of the photograph that result 
from the scale selected, the color of the 
rocks and other elements of the terrain 
photographed, the kind of film and filters 
used, the processing of the film, and 
similar related factors. The most signifi- 
cant recognition elements for geologic 
interpretation are relative photographic 
tone, color, texture, pattern, and relation 
to associated features. Size and shape 
may also be diagnostic recognition ele- 
ments in certain geologic problems. 

Photographic tone. Because of the 
ability of the human eye to differenti- 
ate subtle tone changes, relative photo- 
graphic tone is a significant asset in geo- 
logic interpretation of aerial photo- 
graphs, In areas of good exposures, bed- 
ding is characteristically recorded on the 
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aerial photograph by differences of pho- 
tographic tone. These differences may be 
abrupt, as illustrated by white-weather- 
ing marlstone beds in a sandstone se- 
quence, or they may be subtle, as shown 
by two successive similarly colored sand- 
stone units. Faults may be indicated by 
a change in photographic tone as shown 
on opposite sides of a straight or gently 
curving line; and alluvial fans, pedi- 
ments, lava flows, intrusive rocks, and 
many other geologic features are usually 
identified, at least in part, by relative 
differences of tone. 

Color. When color aerial photography 
is available, recognition is greatly facili- 
tated as a result of the ability of the hu- 
man eye to differentiate about 1000 times 
as many tints and shades of color as it 
can tints and shades of gray, character- 
istics of black-and-white photography. 
Subtle differences on black-and-white 
photographs may thus become obvious 
on color transparencies, as in rock units 
of only slightly different lithologic com- 
position. The advantages of color aerial 
photography are generally present even 
though some color fidelity may be lost 
in the transparencies. Special color film, 
in which colors are distorted, as in cam- 
ouflage-detection film, may be singularly 
useful in the study of certain areas. 

Texture. Texture is the composite ap- 
pearance of a combination of features 
too small to be clearly seen individually; 
thus the scale of the photographs has an 
important bearing on what is called “tex- 
ture.” For example, a network of fine 
lines referred to as a texture on high- 
altitude photographs may well be recog- 
nizable as a network of joints on low- 
altitude photographs. Likewise, a mot- 
tled texture on high-altitude photo- 
graphs, resulting from small amebalike 
outlines, may be clearly the result of 
kettle holes that are distinctly discern- 
ible on low-altitude photographs. Intru- 
sive igneous rocks commonly have a dis- 
tinctive texture owing to a crisscrossing 
of the many joints almost universally 
present in such rocks. 

Pattern. Pattern, or arrangement of 
geologic or other features, is especially 
significant in geologic interpretation 
from aerial photographs. A common use 
of this recognition element is the analy- 
sis of stream pattern, which may be a 
significant aid in interpreting the under- 
lying geologic terrane. Patterns of joints 
may suggest certain rock types, or a 
knowledge of fault patterns of an area 
may be helpful in locating faults in a 
similar nearby terrane. Patterns resulting 
from particular distributions of lines are 
common, but a single line, or lineation, 
may be a special illustration of pattern. 
For example, a lineation may result from 
an orderly arrangement of stream seg- 
ments, trees, depressions, or other fea- 
tures. This arrangement may be a con- 
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tinuous alignment of geologic, topo- 
graphic, or vegetation features, but more 
commonly it is a discontinuous align- 
ment. Lines are especially representative 
as expressions of faults, but they may also 
represent a variety of other geologic phe- 
nomena. 

Relation to associated features. The 
relation to associated features is com- 


Fig. 4. Vertical aerial f 
photograph showing 
striking delineation of p< 
light-colored sandstone 

in a_ shale-sandstone 
sequence. 


monly important because a single fea- 
ture may not be distinctive enough to 
permit its identification. Thus, for ex- 
ample, identification of depressions in 
surficial deposits such as kettle holes may 
be possible because of the presence of 
associated glacial ice nearby. 

Size. The term size, used as a general 
recognition element covering all inter- 


Fig. 5. Vertical aerial photograph showing traces of bedding accentuated by topographic 


breaks and changes in type of vegetation. 
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Fig. 6. Vertical aerial photograph showing 
fractures in heavily forested terrain. 


pretation fields, is more appropriately 
considered in geologic interpretation in 
relation to thicknesses of strata, amounts 
of offset along faults, or other finite 
measurements, These measurements may 
be directly related to topographic ex- 
pression. If the thickness of a formation 
is known, this knowledge may aid in 
identification, and determining the range 
in thicknesses may be essential to under- 
standing the regional geology. 

Shape. Shape as a recognition element 
in geologic interpretation is of signifi- 
cance primarily only in its broadest defi- 
nition, involving relief or topographic 
expression. In this regard, it may be 
important for recognizing geologic fea- 
tures in certain areas. For example, the 
bold cliff face of one formation in con- 
trast to a lesser angle of slope across an 
underlying formation locally may be of 
considerable importance in differentiat- 
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ing the rock units. Rectilinear depressions 
are expressions of faults in many areas. 
However, in its strictest definition, as a 
spatial form with respect to a relatively 
constant contour or periphery, shape is 
of little importance as a recognition ele- 
ment because nature may reveal the same 
geologic feature in an infinite number 
of different shapes. 


Interpretive Process 


The interpretation of geology from 
aerial photographs involves many of the 
same mental and physical processes as 
the interpretation of geology from field 
observations. If the full value of the pho- 
tographs is to be utilized, preliminary 
field reconnaissance combined with cur- 
sory study of the aerial photographs must 
be undertaken prior to detailed interpre- 
tation. Detailed interpretation, including 
measurement of features considered to be 
geologically significant, is then under- 
taken; rigorous application of the inter- 
pretive process is made in this phase of 
applying aerial photography to geologic 
study. Photographs should be used in the 
field not only for recording locations of 
observations but for contrasting geologic 
features with their images on the photo- 
graphs to provide a basis for further in- 
terpretation. Whenever possible, geo- 
logic data derived from study of the 
aerial photographs should be checked and 
evaluated in the field. 

The initial phase of the interpretive 
process is an observational phase wherein 
recognition of geologic features or char- 
acteristics of the terrain is involved. Rec- 
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Fig. 7. Anticlinal structure in jungle-covered area, revealed by analysis of drainage pat- 
tern [Courtesy D. J. Christensen, Standard Oil Company of California] 


ognition of terrain features is commonly 
based on. combined use of fundamental 
recognition elements such as_photo- 
graphic tone and pattern. Data thus ob- 
served are then interpreted with regard 
to geologic significance, and the geologic 
history of an area is deduced, insofar as 
possible, from the distribution and rela- 
tionships of the features recognized. Many 
features are expressed on aerial photo- 
graphs. Sorting those features that are 
of significance to a particular problem 
and properly relating these features one 
to another provides a measure of the 
ability of the interpreter. In geologic in- 
terpretation, this ability depends _pri- 
marily on the geologist’s background 
training in geology, such as his under- 
standing of structure and natural proc- 
esses operative on the rocks, and sec- 
ondarily on his experience in viewing 
aerial photographs. The geologist may 
also make use of photogrammetric in- 
struments for making measurements, 
which in turn become the basis for inter- 
pretation of the geologic significance or 
history of an area. 

Interpretation is a multistep operation, 
and hence a final comprehensive inter- 
pretation of the regional geology may be 
a synthesis of many lesser but specific in- 
terpretations, such as the direction of dip 
of beds in a sedimentary sequence. On 
the other hand, the immediate recogni- 
tion of regional or large-scale geologic 
features as a result of the over-all aerial 
view, permitted particularly by small- 
scale photography, is commonly the basis 
for interpretation of smaller specific fea- 
tures. For example, a geologist may im- 
mediately recognize from the general 
land form that an area has been glaci- 
ated. This basic information would facili- 
tate recognition of specific glacial fea- 
tures, such as kames and morains. 

Example of the interpretive process. 
The interpretation and mapping of the 
distribution of younger lava flows in an 
older igneous-metamorphic terrane of 
southeastern Alaska by W. H. Condon 
(5) provides an excellent example of 
the interpretive process in geologic study. 
The area has a maximum relief of 
slightly more than 2000 feet. Outcrops 
are masked almost completely by a 
heavy forest growth, largely coniferous 
trees. In poorly drained sections, a 
grassy swamp vegetation or muskeg has 
developed. 

The area is underlain by highly folded 
and faulted phyllites, schists, and gneisses 
that have been intruded by granitic and 
dioritic igneous rocks. Younger basaltic 
lava flows have been extruded onto the 
older igneous-metamorphic complex. 

Criteria used in photogeologic analysis 
were derived from photo study of loca- 
tions where lava flows had been reported 
in the field. The most important criteria 
were based for the most part not on 
actual observation of the bedrock, but 
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Fig. 8. (Top) Part of vertical aerial photograph showing linear features clearly expressed across ridges of older rocks but not traceable 


across the area occupied by lava flows. (Bottom) Index showing positions of conspicuous linear features and outline of area occupied 
by lava flows. 
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rather on the effects of rock types, struc- 
ture, and geologic processes on terrain 
expression. These effects involve vege- 
tation and drainage, which commonly 
are expressed in significant patterns. 
Specifically, these patterns involve (i) 
linear features, (ii) minor streams and 
abundance of small shallow ponds, (iii) 
density and type of vegetation, and (iv) 
vegetation expressed as lobate outlines 
by denser, darker growth. Further analy- 
sis was made for (i) the possible relation 
of the volcariic rocks to the pattern of 
probable faults, (ii) terrain forms ex- 
pected in volcanic rocks, and (iii) the 
controlling influence of existing topogra- 
phy on the distribution of lava flows. 


slopes of volcanic cone. 
730 


Linear features of terrain appear as 
long narrow gullies or troughs of varying 
depth and are generally well expressed in 
areas of the older rock complex. In many 
places they may be seen on aerial photo- 
graphs to terminate abruptly at the edges 
of the younger volcanic rocks across 
which they cannot be traced. The pattern 
of linear features is most probably the 
expression of faults, although at least 
locally the possibility of joints, bedding, 
schistosity, or, perhaps, glacial gouging, 
the gross effect of which cannot be over- 
looked completely. Any of these possible 
alternate interpretations, however, would 
serve similarly to date the volcanic rocks 
with respect to the older metamorphic- 


igneous complex. Figure 8 shows linear 
features clearly expressed across ridges 
of older rocks but not traceable across 
the intervening valley, interpreted as oc- 
cupied by lavas. 

Drainage characteristics and stream 
patterns have developed in response to 
the rock type, structure, and slope of ter- 
rain surfaces, and to the degree of frac- 
turing of the bedrock. In adjusting to 
terrane, streams on the complexly frac- 
tured older rocks tend to be channelized 
to the system of linear features and to 
form a pattern of parallel drainage. In 
contrast, streams that developed on the 
slightly sloping surfaces of the volcanic 
flows, or on the steeper sides of volcanic 


Fig. 9A. Part of vertical aerial photograph showing parallel drainage pattern of older rock sequence and radial-dendritic pattern on 
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cones, show an irregular, somewhat den- 
dritic or radial dendritic pattern of 
drainage not controlled by a fracture 


system. Furthermore, upon the nearly - 


flat, poorly drained, muskeg-covered sur- 
faces of the volcanic flows there is an 
abundance of small, shallow, swampy 
ponds not characteristic of the generally 
better drained surfaces of the older rock 
complex. Figure 9A shows the contrast 
of parallel drainage pattern of the older 
rock complex to the somewhat radial- 
dendritic stream pattern on the slopes of 
a probable volcanic cone, and Fig. 9B is 
an index to Fig. 9A. 

The density and type of vegetation, 
and thus the pattern, seem to be greatly 
influenced by the drainage conditions of 


the surface. Where drainage is good, as 
on the steeper slopes of volcanic cones 
and the generally well drained igneous- 
metamorphic terrane, the surface is heav- 
ily timbered with coniferous trees. Where 
drainage is poor, as on the nearly flat sur- 
faces of the volcanic flows, a swampy 
muskeg with a sparse and patchy tree 
cover has developed. On these nearly flat 
lava surfaces a patchy vegetation pattern 
results from the contrast between the 
lighter-toned, low, grassy swamp vegeta- 
tion and the taller brush and trees, which 
tend to be concentrated only along stream 
courses. 

Lobate patterns of vegetation formed 
by dense growths of coniferous trees con- 
trast sharply in height and in photo- 


graphic. tone with the low, light-toned 
swamp vegetation. These patterns are 
interpreted as marking the raised edges 
and fronts of the most recent lava flows, 
and they are particularly useful in indi- 
cating direction of flow. The develop- 
ment of such patterns is believed to be 
caused by better drainage along the 
raised edges of the flows in contrast to 
poorer drainage within the muskeg-cov- 
ered central areas. 

A comparison of the distribution of 
rocks interpreted as volcanic with the 
pattern of linear features in the older 
rocks is believed to be significant. Vol- 
canic rocks were probably extruded along 
or very close to continuous and promi- 
nent linear features, interpreted as faults, 
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Fig. 9B. Index overlay to Fig. 9A showing contrasting stream patterns. 
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trending north-northeastward to north- 
ward. Along the extension of one major 
fault a second area of volcanic rocks 
was interpreted from aerial photographs. 
The presence of these rocks was verified 
in the field. 
A further analysis of terrain was made 
for topographic features to be expected 
in volcanic rocks, such as remnants of 
cones and volcanic necks or plugs. Two 
sizable crescentic features were observed, 
one definitely a remnant breached cone, 
and the second probably also a breached 
cone. 
A final consideration was made for the 
controlling influence of the existing to- 
pography on the distribution of the vol- 
canic flows during the time they were 
being poured out on the earth’s surface. 
Field workers in southeastern Alaska 
have postulated that the topography has 
not been greatly changed in either form 
or relief since the last general glaciation. 
It has been stated also, with some reser- 
vations, that the young volcanic rocks 
within this area are of late- or post-gla- 
cial Quaternary age. As seen on aerial 
photographs, lava flows not disturbed by 
glacial erosion exist on ridge slopes and 
occupy the bottoms of U-shaped val- 
leys, presumably glaciated valleys. Their 
undisturbed appearance is anomalous 
within glaciated valleys, unless they 
were not subjected to the last general 
glaciation. Thus a post-glacial age is 
strongly suggested. 


Photogrammetry 


Photogrammetric measurements. The 
important task of interpretation cannot 
always be accomplished by mere obser- 
vation of photographs. It may be neces- 
sary to plot geologic data and to measure 
geologic features by photogrammetric 
methods in order to arrive at a sound 
interpretive conclusion. Photogram- 
metry is the science of obtaining reliable 
measurements by means of photography. 
Photogrammetric instruments used in 
conjunction with the three-dimensional 
stereoscopic model formed by overlap- 
ping aerial photographs thus provide a 
tool of significant use to the geologist. 
It is commonly possible to make neces- 
sary measurements to compile isopach 
and structure-contour maps of well-ex- 
posed areas without going into the area 
of study, although to assure best results 
a thorough field check of all work should 
be made. Isopach maps are those that 
show lines of equal thickness of parts 
of a rock formation—information that is 
vital in many commercial studies such as 
the search for petroleum and for some 
ore deposits. Structure-contour maps are 
maps that show lines of equal elevation 
on the top of a formation and help de- 
lineate geologic structures that may be 
important to the petroleum industry. 
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Fig. 10. Stereometers—instruments used to measure heights or altitudes from overlapping 


aerial photographs. 


Example of the use of photogram- 
metry, An isopach-mapping project in 
Monument Valley, Arizona, illustrates 
the photogrammetric value of aerial pho- 
tography in geologic study (6). In Monu- 
ment Valley favorable sites for uranium 
minerals occur in paleostream scours or 
channels in the top of the Moenkopi 
formation. In these channels the over- 
lying Shinarump member of the Chinle 
formation has thickened and _ provides 
loci of deposition of uranium minerals. 
The Shinarump member is particularly 
resistant to erosion and normally forms 
broad benches or the capping unit of 
buttes and mesas, a relation that aids in 
its identification on aerial photographs. 
By measuring a stratigraphic interval 
below the Shinarump member with a 
suitable photogrammetric instrument, it 
has been possible to show local thinning 
of the underlying rock units and inferred 
thickening, or channel formation, in the 
overlying Shinarump member. The iso- 
pach intervals—local thicknesses of the 
Moenkopi formation and _ underlying 
Hoskinnini tongue of the Cutler forma- 
tion—were measured with a Kelsh plot- 
ter by using photography of approxi- 
mately 1/20,000 scale. The Moenkopi 
formation and Hoskinnini tongue of the 
Cutler formation were measured as a 
unit because the base of the Hoskinnini 
tongue provided a more reliable struc- 
tural datum, and was more readily iden- 
tifiable on aerial photographs. Numerous 
altitude measurements were made at the 
base of the Hoskinnini tongue and at the 
top of the Moenkopi formation. Correc- 
tions were made for tilting of the rock 
units, and true local thicknesses were 
computed, which then served as a basis 
for isopach compilation—that is, con- 
necting all points of equal unit thickness. 

The resulting maps showed several 
lines, or contours, that closed in an elon- 
gate pattern, indicating the presence of a 
channel, possibly uranium-bearing, in the 
overlying Shinarump member of the 


Chinle formation. It is significant that 
the map was compiled entirely from . 
aerial photographs; no ground control 
was used. The channels delineated by 
photogrammetric methods agreed closely 
with those located by field study. Al- 
though details of the afore-mentioned 
study have necessarily been omitted, the , 
results demonstrate the significance of 
photogrammetric procedures in geologic 
interpretation. 

Types of Instruments. The instru- 
ments used in making measurements 
for geologic purposes are varied; the . 
choice of instrument depends not only 
on the geologic objectives sought but 
also on a complex set of factors, in- 
cluding photography available, accuracy 
desired, time available, reliability of 
ground control, character of topography, 
and character of vegetation and cover. 
Measurement of differences in elevation , 
can be made with the simple stereometer 


-or parallax bar from paper prints (Fig. 


10). These measurements are thus made 
economically, but some reliability of re- 
sults must be sacrificed, for no correction 
can normally be made for tilt that may 
be inherent in the photography. Correc- |] 
tions for tilt can be made if precision in- 
struments (see Fig. 3) are used, and thus 
correct thicknesses of rock units and cor- 
rect altitudes can be obtained. Local ac- 
curacy of 2 feet in elevation readings 
may be possible with the common 1/20,- 
000-scale photography, but accuracy 
throughout the entire stereoscopic model 
will be less than this. 

As the scale of photography decreases, 
so does the reliability of measurements. 
Hence scale of photography is important 
in considering objectives to be attained, 
particularly if only one type of instru- 
ment, such as a parallax bar, is available 
for use in measuring. Greater over-all 
accuracy may be obtained from a given 
scale of photography with precision pho- 
togrammetric equipment (see Fig. 3) 
than with simpler instruments. 
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The procedures described may be con- 
sidered as routine in using aerial photo- 
graphs in geologic study; that is, inter- 
pretation is accompanied by collection 
of metric data which in turn may be of 
further use in final interpretation. 


New Techniques 


In addition to these routine proce- 
dures, many new avenues of study are 
being tested. The new procedures involve 
experimentation with photographic sys- 
tems, high-altitude photography, color 
aerial photography, new photogram- 
metric applications, and orthophotogra- 
phy (7, 8). 

Photographic systems. Based on the 
premise that aerial photographic tone or 
color of an object should be predictable 
for any particular film-and-filter com- 
bination if certain factors are known, a 
photographic system may be devised to 
accomplish a specific objective, such as 
differentiating certain rock units. The 
wavelength and intensity of light re- 
flected from a surface are the main re- 
quirements in devising a photographic 
system. Spectrophotometer analyses are 
made of the reflective spectra of rocks in 
question, and resulting spectral curves 
are used as a basis for devising a film 
emulsion that will differentiate the re- 
flected light of each sample, thus record- 
ing a different photographic tone for 
each rock photographed. 

High-altitude photography. High-alti- 
tude photographs taken from approxi- 
mately 30,000 feet above mean terrain 
have been used recently with much suc- 
cess in geologic mapping and measure- 
ment. The three-dimensional view pro- 
vided by this photography may provide 
the geologist with a single stereoscopic 
view of as much as 50 square miles. This 
is a much larger ground area than was 


‘heretofore covered by a single stereo- 


scopic model. This view of a larger area 


) 


“enables the geologist to begin his study 


with a broader understanding of the re- 
lations of the general geologic features. 

The advantages of extensive areal cov- 
erage in a single stereoscopic model are 
realized even further in the technique of 
using twin low oblique photographs, in 
which the overlap area of photographs 
taken at 30,000 feet flying height can 
cover more than 100 square miles (9). 
Experience indicates that in many areas, 
regardless of the complexity of the geol- 
ogy, a fundamental orderly arrangement 
of geologic structures can be discerned 
on photographs, provided that the scale 
is small enough. Because of the large 
area covered per stereoscopic model with 
high-altitude photographs, precision pho- 
togrammetric equipment may be used 
economically in some photogeologic map- 
ping, depending on the geologic terrane 
and metric requirements of the job. If 
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camera lenses of the same focal length 
are uscd, reliability of measurement 
varies inversely with the altitude of the 
aircraft taking the photograph. 

Color aerial photography. Recent ex- 
perimental color aerial photography has 
demonstrated significant uses in geologic 
interpretation not possible with available 
black-and-white photography. In Death 
Valley, California, it has been possible 
to differentiate lava flows of similar color 
but of different ages and to differentiate 
certain lake sediments from lava flows, 
all of which appear similar on black-and- 
white photographs. Many of the strati- 
graphic units in this area have charac- 
teristic colors. When the units are in 
normal stratigraphic sequence, the char- 
acteristic colors are likewise arranged in 
a normal sequence. Interruptions in the 
normal sequence of colors have suggested 
thrust faults, later verified by field check, 
that were not interpreted from black- 


and-white photographs. 


Perhaps of greater significance is the 
ability to differentiate some zones of 
alteration on color aerial photographs; 
these zones of alteration may be signifi- 
cant in mineral exploration. In a study 
of the Tonopah and Goldfield areas in 
Nevada, it was found that early stages 
of rock alteration could be distinguished 
by color and were characteristic of cer- 
tain rock types. Intense alteration, how- 
ever, although readily identified on color 
photographs, tended to produce the same 
color regardless of the original composi- 
tion of the rock. Such intensely altered 
zones may well be significant with regard 
to ore deposition, however. With regard 
to color photography, it is interesting to 
note that the Canadians plan to “fly” 
the Sudbury, Blind River, and Bancroft 
districts with color film to determine 


whether clues to mineralized areas can 


be picked up which may guide in the 
search for new districts (3). 

Color aerial photography in geologic 
study has received only limited use, pre- 
sumably because of its relatively high 
cost compared with the cost of black- 
and-white photography. The high cost is 
ascribed by many to technical limitations 
of color film, such as the limited lati- 
tude in photographic conditions, the need 
for lenses of long focal length, and the 
requirement of low altitudes of flight. 
However, many of these limitations have 
been overcome in recent developments, 
and color aerial photography may be ex- 
pected to become more competitive with 
black-and-white photography for pur- 
poses of interpretation. And, in any event, 
an evaluation of cost should logically be 
made in terms of results of use, as in an 
exploration program, and not solely in 
terms of the cost of black-and-white pho- 
tography. 

New photogrammetric applications. 
The introduction of projection-type 
stereoscopic plotters, such as the Kelsh, 


multiplex, and ER-55 plotters, has facili- 
tated geologic mapping and study, for 
the geologist uses these instruments to 
combine interpretation, measurement, 
and plotting in a mutually supporting 
operation. These instruments increase the 
accuracy and soundness of interpretation 
(i) by presenting the terrane in proper 
orientation so that features are in correct 
relation one to another, (ii) by allowing 
features to be plotted orthographically 
during the process of interpretation so 
that their relationship to features pre- 
viously interpreted from adjacent stereo- 
scopic models can be continuously stud- 
ied, and (iii) by allowing measurements 
to be made quickly and easily so that 
measurement becomes a closely inte- 
grated tool of interpretation. With 
stereoscopic plotting instruments, iso- 
pach or structure-contour maps of some 
areas may be made primarily or entirely 
by photogrammetric means; the isopach 
map of part of Monument Valley, which 
has been described, is an example of the 
usefulness of photogrammetry in geologic 
mapping. The accuracy of stereoscopic 
instruments is considered particularly sig- 
nificant with respect to plotting features 
that are visible on aerial photographs but 
that are difficult to locate on the ground. 
Correct plotting of positions of features 
aids in their subsequent location and 
study in the field. 

Several new instruments have recently 
been devised to aid in geologic interpre- 
tation. One of these is a tilting platen, or 
viewing surface, used with projection- 
type stereoplotting instruments. The sur- 
face of the tilting platen can be made to 
coincide with a sloping surface in the 
stereoscopic model, and the angle of tilt 
can be directly measured with a clinom- 
eter or other measuring device. A profile 
plotter also has been constructed; it not 
only permits an accurate profile of the 
terrain to be drawn in any orientation of 
the stereoscopic model but also permits 
exaggeration of this profile, as desired, 
at the time of plotting. Another instru- 
ment is being made to measure directly 
the thickness of inclined rock formations 
shown in stereoscopic view. 

It is expected that projection-type 
stereoplotting instruments will be useful 


"in geophysical studies in determining the 


altitudes of gravity stations and measur- 
ing the mass of the topography surround- 
ing gravity stations for terrain correction. 
Statistical methods used in conjunction 
with the plotting instruments may elimi- 
nate many of the laborious computations 
of terrain corrections from topographic 
maps. 

Some stereoplotting instruments can 
be equipped with coordinate-measuring 
devices so that any point or object on 
the photograph may be located quickly 
in a three-dimensional grid system. Thus 
the photograph becomes an ideal start- 
ing point for translating positions into a 
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.form usable in electronic computers. 
Furthermore, these instruments allow a 
model to be deliberately inclined; in 
this way regional dips may be introduced 
or removed, and the model may be stud- 
ied and measured in any desired hypo- 
thetical orientation. Stereoplotting instru- 
ments provide quantitative information 
easily and thus allow closer integration 
of photogeologic interpretation with an 
over-all exploration program. In some 
areas the photographs may be the prime 
source of metric data. 
Orthophotography. Orthophotography 
is photography that has the position and 
scale qualities of a map plus the abun- 
dant imagery of photographs. Conven- 
tional vertical aerial photographs are 
perspective views, and, in this form, all 
images are displaced radially from the 
center of the photograph. This displace- 
ment of relative position of features 
makes it difficult to transfer data accu- 
rately from a photograph to a map. 
Figure 11 (top) is a direct copy of a 
part of a perspective aerial photograph; 
it shows the straight path of a power line 
as it is distorted by normal relief dis- 
placement. Figure 11 (bottom) is an or- 
thophotograph made with a device, the 
orthophotoscope (10), that removes re- 
lief displacement; note that the power 
line is straight. An orthophotograph is in 
itself an excellent planimetric map; data 
may be transferred directly from the 
orthophotograph to a topographic or 
planimetric map. Orthophotographs also 
provide a means for rapidly determining 
altitudes in the field by reading vertical 
angles with an alidade, or similar instru- 
ment, and scaling the horizontal dis- 
tances directly from the orthophoto- 
graph. 
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Historical Summary 


Flying advances in: World War I were 
influential in stimulating aerial photogra- 
phy for commercial use during the 
1920’s. Since that time aerial photo- 
graphs have been used increasingly in 
geologic study. One of the first important 
uses of aerial photographs for geologic 
study was in compiling mosaics, which 
were used for general interpretation pur- 
poses, as planning maps, and as general 
base maps for plotting geology. Interpre- 
tations were generally made by viewing 
the over-all mosaic rather than by stereo- 
scopic inspection of photo pairs. 

Subsequently stereoscopic study of 
photographs was undertaken in a rather 
extensive way, by use of simple viewing 
devices. Among the first important geo- 
logic interpretation studies from aerial 
photographs was a reconnaissance study 
of 35,000 square miles in New Guinea, 
begun in 1935 by the Dutch (J1, pp. 
110-117). Although the final maps were 
compiled by simple methods, and _al- 
though positioning errors were present, 
the results met the requirements of re- 
connaissance study and demonstrated 
convincingly for the first time the poten- 
tial of aerial photographs in a petroleum 
exploration program, from the stand- 
point both of information obtained from 
the photographs and of the great saving 
in time and money in completing the 
job. 

Yet, no extensive use of photographs 
was made by the petroleum industry as 
a whole prior to World War II. It was 
only after World War II, and as a re- 
sult of techniques and interests devel- 
oped during the war, that the use of 
aerial photographs began to rise spec- 


Fig. 11. (Top) Part of perspective aerial photograph showing distortions in power line 
caused by relief displacement of image points. (Bottom) Orthophotograph of the same 
area. Relief displacement has been eliminated in printing. Note that the power line is 


tacularly in commercial studies. Pri- 
marily the petroleum companies began 
extensive use of photogeologic maps, but 
the mining industry also indicated an in- 
creasing interest in photogeologic proce- 
dures. 

Noteworthy since 1945 has been the 
increased use of photogrammetric instru- 
ments in compiling geologic data in- 
terpreted from aerial photographs. Al- 
though the advantages and limitations of 
many photogrammetric instruments have 
only recently received wide attention, the 
desirability of reliable compilation of 
photogeologic information has long been 
recognized, and the Dutch study of New 
Guinea in 1935 was followed by a test 
of the A-6 precision stereoplotting instru- 
ment for photogeologic purposes (11, pp. 
115-116); plotting with stereoplotting 
instruments was found to have many ad- 
vantages. But use of instruments lagged 
until after World War II. Within the 
past few years, however, stereoplotting 
instruments, such as the Kelsh and mul- 
tiplex, have come into increasing use, 
both for interpreting and for plotting 
geologic data. 

In a general way it may be said that 
use of aerial photographs in geologic 
study in the United States has evolved 
through the following stages: (i) empha- 
sis on uncontrolled mosaics and use of 
single views for interpretation and plot- 
ting; (ii) use of stereoscopic pairs of 
prints for interpretation together with 
simple procedures for plotting these 
data; (iii) use of stereoscopic pairs of 
prints for interpretation together with 
rectification of positioning these data 
with simple instruments such as the 
radial planimetric plotter; and (iv) use 
of stereoscopic pairs of diapositive glass 
plates in precision photogrammetric in- 
struments for interpretation and plotting. 
In addition, with increased use of aerial 
photographs in recent years, new instru- 
ments have been devised especially for 
geologic study, and new avenues of re- 
search are actively being pursued in in- 
terpretation studies. 

The recent use of precision photo- 
grammetric instruments in photogeologic 
study presages a closer integration of 
photogeologic and field studies. Because 
of the reliability of geologic measure- 
ments and positioning with precision 
stereoplotting equipment, a _ greater 
amount of photogeologic data may be ex- 
pected to be incorporated in the geologic 
maps of the future (/2). 
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Sexual Differentiation in Hydra 


Control by Carbon Dioxide Tension 


The chemical nature of the stimuli 
that control cellular differentiation may 
be approached with advantage in Hydra, 
for it has been shown that these animals 
do not differentiate sexually in response 
to an internal stimulus that is part of 
their life cycle but rather in response to 
an external stimulus that is controlled 
by the environmental conditions under 
which they are cultured. Although pre- 
vious attempts to define the responsible 
variable have been unsuccessful, factors 
such as crowding, stagnation, nutrition, 
and temperature have been shown to 
affect the process. A few years ago we 
reported that Hydra differentiate sex- 
ually when cultured under crowded con- 
ditions such that their oxygen tension was 
reduced to about 70 percent saturation 
with air (J). Quantitative study of this 
phenomenon was carried out with the 
aid of a new and rapid method for deter- 
mining dissolved oxygen (2). 


Effect of Surface/Volume Ratio 


In che experiment shown in Table 1, 
four otherwise identical cultures of 
Hydra were grown in differently shaped 
containers so that the depth of the four 
cultures and their surface/volume ratios 
varied progressively. Each culture con- 
sisted of 25 Hydra littoralis in 25 milli- 
liters of 70-milligram-per-liter CaCl, 
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and 100 milligram-per-liter NaHCQ,. 
The animals were grown in a beaker and 
three sizes of petri dishes with internal 
diameters of 4.8, 6, 9, and 15 centimeters, 
respectively. Each culture was fed for 30 
minutes daily with an excess of brine 
shrimp larvae (3), following which it 
was rinsed with clean culture solution to 
remove all uningested brine shrimp and 
left at 25°C until the following day. A 
constant degree of crowding was main- 
tained by the daily removal of all newly 
detached buds. 

The results of this experiment demon- 
strated that, although sexual differentia- 
tion and reduced oxygen tension were 
parallel phenomena, they did not de- 
velop proportionally. It appeared likely, 
therefore, that some other volatile factor, 
besides oxygen, was the inducing varia- 
ble. This conclusion was confirmed by 
the finding that artificial reduction of the 
oxygen tension did not induce sexual dif- 
ferentiation in Hydra. 

Subsequent experiments demonstrated 
that Hydra differentiate sexually in re- 
sponse to an unidentified gas given off 
by the animals themselves (4). The rate 
at which this gas was secreted was found 
to depend on both temperature and nu- 
trition, being especially high during peri- 
ods of active digestion. Its rate of ac- 
cumulation was found to vary with the 
depth of the water as well as with the 
degree of crowding and stagnation within 
the culture. The gas was highly volatile, 
for brief aeration prevented sexual dif- 
ferentiation from occurring in cultures 
that otherwise would turn sexual. Its 
solubility coefficient was of the order of 
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1, for the gas could be transmitted to 
the air phase and back into clean water 
in sufficient quantity so that it still in- 
duced sexual differentiation (Table 2). 


Air Bridge Experiment 


In the air-bridge experiment (Table 
2), the sex-inducing gas present in the 
culture water of crowded Hydra was 
transferred to an air phase and Lack into 
clean water by the following technique. 
Twenty milliliters of “used” culture 
water, obtained each afternoon from 
the two cultures described below, were 
drawn into a 25-milliliter syringe and 
shaken with 5 cubic centimeters of air 
for 30 seconds. The air phase alone was 
then transferred to another syringe, 
where it was shaken with 10 milliliters 
of clean water. This treated sample of 
clean water was given to one culture, 
while a similar sample of untreated clean 
culture water was given to the control. 
A constant degree of crowding was main- 
tained by the daily removal of all newly 
detached buds. In this experiment, each 
culture consisted of 10 Hydra littoralis 
in 10 milliliters of 100-milligram-per- 
liter CaCl,, 125 milligram-per-liter 
NaHCO,, and 12 milligram-per-liter 
disodium _ethylenediaminetetraacetate 
(Versene) brought to pH 8.0 with 
NaOH. Both cultures were contained in 
15-milliliter beakers and fed and cleaned 
daily as described in the preceding sec- 
tion. In addition, both cultures received 
a second afternoon rinse about 5 hours 
after their daily feeding, at which time 
the “air-bridge” vessel received the 
treated water, while the control vessei 
did not. 

Since this experiment indicated that 
an active gas was present in samples of 
air equilibrated with “used” culture 
water, a concentrated sample of this gas 
was prepared and subjected to analysis 
by infrared spectrophotometry, mass 
spectrography (5), and gas-liquid parti- 
tion chromatography. It was found that, 
within the limits of these instruments, no 
gases were present other than carbon di- 
oxide, oxygen, nitrogen, and argon, the 
carbon dioxide concentration being in- 
creased and the oxygen concentration 
decreased relative to their concentrations 
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in normal air. Since Hydra actively gen- 
erate CO,, especially during periods of 
digestive activity (6), and in amounts 
proportional to their population density, 
it was suggested that an increased partial 
pressure of the unhydrated gas CO, 
(“pCO,”) might be the inducing vari- 
able (7). 

A convenient method for determina- 
tion of pCO, was devised. Ten milli- 
liters of the solution to be tested was 
drawn up into a 20-milliliter syringe con- 
taining 10 milliliters of CO,-free air. The 
syringe was shaken for 30 seconds to 
equilibrate the air and water phases, fol- 
lowing which the percentage of CO, in 
the gas phase was accurately measured 
in an improved Henderson-Haldane gas 
analysis apparatus (8). The pCO, of the 
original sample was obtained by multi- 
plying the percentage of CO, found in 
the gas analysis by (1+1/a), where a 
is the absorption coefficient of CO, in 
water at the temperature of the experi- 
ment (20°C). 

By using this method, a study was 
made of the lability of solutions whose 
pCO, had been increased by the injec- 
tion of water previously shaken with vari- 
ous concentrations of CO, gas. It was 
found that brief aeration, decanting, fil- 
tering, and so forth rapidly reduced the 
pCO, of such solutions to that of the 
surrounding air, Furthermore, it was 
found that undisturbed vessels such as 


Table 1. Percentage of sexual forms and 
oxygen tension in cultures of differing 
surface/volume ratio. 


Percentage 

Oxygen of sexual 
Depth tension forms 
(mm) (mg/lit) after 

10 days 
30 100 
10 8.4 100 
5 8.6 48 
2% 8.7 0 


Table 2. Air-bridge experiment, in which 
the sex-inducing gas present in the culture 
water of Hydra was transferred to an air 
phase and back into clean water. 


Percentage of sexual forms 


Day 
Air-bridge Control 
100 100 
100 100 
80 


0 

2 

4 50 
6 0 
8 0 
10 0 
12 80 0 
14 0 
16 0 
18 0 
20 0 
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- those described in the next section lost 


their increased content of CO, gas at a 
logarithmic rate whose half-life was ap- 
proximately 3 hours. Effective elevation 
of the pCO, within such culture vessels 
therefore demanded twice-daily injection 
of a solution high in pCO,. Using this 
method, it was found that Hydra dif- 
ferentiated sexually in cultures whose 
average pCO, had been increased for 10 
consecutive days. 


Control by pCO, 


Each culture in the experiment on 
pCO, control of sexual differentiation 
(Table 3) consisted of 10 asexual Hydra 
littoralis grown in 15 milliliters of 50 
milligram-per-liter CaCl,, 100 milli- 
gram-per-liter NaHCO,, and 50 milli- 
gram-per-liter Versene. Each culture was 
contained in a 15-milliliter beaker and 
fed and rinsed twice daily as described 
in the preceding section. The culture so- 
lution was shaken three times before use 
with a large excess of 100-percent oxy- 
gen, yielding a control solution whose 
pCO, was 0.00 percent of an atmos- 
phere (9). Water with an initial pCO, 
of 8.35 percent of an atmosphere was 
prepared twice daily by shaking 20 milli- 
liters of the control solution with 100 
milliliters of 10-percent CO, and 90- 
percent O, in a large syringe for 1 min- 
ute. Graded amounts of this pCO,-rich 
water were injected twice a day into the 
experimental cultures as indicated in 
Table 3. Care was taken to place the tip 
of the No. 18 needle as far under water 
as possible and to inject this pCO,-rich 
water with a minimum of aeration. A 
constant degree of crowding was main- 
tained in the cultures by the daily re- 
moval of all newly detached buds. 

This experiment demonstrates that 
sexual differentiation may be induced in 
Hydra by artificially increasing the 
pCO, of the water in which they are 
cultured. It confirms the fact that re- 
duced oxygen tension is not necessary for 
sexual differentiation to occur, for the 
oxygen tension in this experiment was 
nearly 5 times higher than that of water 
saturated with air. Finally, it shows that 
the effects of thé sex-inducing gas natu- 
rally produced by Hydra (air-bridge ex- 
periment) can be duplicated by using 
chemically pure carbon dioxide gas 
(Matheson). 

Since increasing levels of pCO, pro- 
gressively decrease the pH of alkaline 
solutions, other experiments were con- 
ducted in which Hydra were cultured in 
solutions buffered with  tris(hydroxy- 
methyl)aminomethane. It was found 
that cultures of Hydra remain asexual 
regardless of pH when the animals are 
grown under uncrowded or aerated con- 
ditions. Since the experiments described 
in Tables 1 and 2 demonstrate that the 


bicarbonate ion per se is unable to in- 
duce sexual differentiation in Hydra, it 
was concluded that the labile variable 
involved is pCO,. 


Carbon Dioxide Tension 


The fact that pCO,, and not total! 
CO,, reversibly (10) induces sexual dif-: 
ferentiation in Hydra emphasizes the: 
difference between these two variables. 
The remainder of this article is devoted! 
to a discussion of these differences, to- 
gether with a brief survey of some other 
biological phenomena known or sus- 
pected to be specifically dependent on 
pCO,. 

In physical chemistry, pCO, is de- 
fined as the partial pressure of the un- 
hydrated gas CO, physically dissolved in 
water, It differs from total CO, in that 
it is concerned with only one of the four 
forms of dissolved CO, (CO,, H,CO,, 
HCO,-, and CO,--). Since the partial 
pressure of a gas is proportional to its 
percentage composition, the pCO, of 
normal air is 0.03 percent of an atmos- 
phere. Water in equilibrium with such 
air has a pCO, of 0.03 percent of an at- 
mosphere regardless of pH and bicar- 
bonate concentration. Higher values of 
pCO, may exist (i) in closed systems 
equilibrated with air containing higher 
concentrations of CO,, and (ii) in open 
solutions that are not in equilibrium with 
the surrounding air and within which 
CO, is steadily generated. The level of 
pCO, within such open cultures de- 
pends on the dynamic equilibrium exist- 
ing between the relative rates of CO, 
generation on the one hand and CO, re- 
lease from the surface on the other. 

Analytically, pCO, may be determined 
by finding the concentration of CO, gas 
that is in equilibrium with the solution 
to be tested (/7), as in the method de- 
scribed in this article. Methods based on 
pH determinations have been described 
(12), but they require additional meas- 
urements of total base. Operationally, 
therefore, CO, may be distinguished 
from total CO, by determining the 
amount of CO, released from a solution 
by (i) simple shaking with air or (ii) 
the addition of acid. 


Factors Affecting 
Carbon Dioxide Tension 


The fact that pCO, values above 0.03 
percent of an atmosphere are possible 
only in open cultures which are not in 
equilibrium with the air makes this vari- 
able peculiarly labile. Any operation that 
equilibrates the culture with the sur- 
rounding air reduces its pCO,. Thus, 
such seemingly gentle operations as stir- 
ring, decanting, and filtering can rapidly 
lower the pCO, of a solution, In addi- 
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Table 3. Control of sexual differentiation in Hydra by pCO 


Vessel 1 2 3 4 5 6 7 8 
Culture water shaken with 
100 percent Oz (ml) 15 14 10 5 
Culture water shaken with 
10 percent COz and 90 
percent O. (ml) 0 1 5 10 
Initial pCO. 0.0% 0.6% 2.8% 5.6% 
Day Percentage of sexual forms 
2 0 0 0 0 0 0 0 0 
3 0 0 0 0 0 0 0 0 
4 0 0 0 0 0 0 0 0 
5 0 0 0 0 0 0 0 0 
6 0 0 0 0 0 0 0 0 
7 0 0 0 0 0 0 0 0 
8 0 0 0 0 10 0 0 0 
9 0 0 10 30 70 70 70 60 
10 0 0 60 50 100 100 100 100 
Th 0 0 70 60 100 100 100 100 
tz 0 0 100 60 100 100 100 100 
13 0 0 100 70 100 100 100 100 


tion, any variable that affects the rate of 
CO, generation within a solution affects 
its pCO,. Increasing the number, size, 
rate of respiration, respiratory quotient, 
and so forth of any animals within a cul- 
ture tends to increase its pCO,, while 
the opposite is true of photosynthesizing 
plants. Since CO, may be generated in- 
directly by the release of acid groups in 
a bicarbonate solution, both glycolysis 
and respiration are capable at times of 
affecting pCO,. In addition, any increase 
in the concentration of CO, in the air 
affects the pCO, of solutions open to 
that air, so that such apparently unre- 
lated events as lighting Bunsen burners, 
working within a small, unventilated cul- 
ture room, and so forth may affect the 
pCO, of open cultures (/3). 

The subtle character of these various 
factors combines to make pCO, one of 
the most labile and neglected of all bio- 
logical variables (14). Yet increased lev- 
els of pCO, have been shown to affect 
the respiratory rate and respiratory quo- 
tient of living cells, as well as the process 
of aerobic glycolysis (15). Krogh has 
shown that CO, gas differs markedly 
from carbonic acid in that it can pene- 
trate cell walls more easily than any 
other known substance, including water 
(16). Jacobs has demonstrated that this 
highly liposoluble gas can penetrate cell 
membranes selectively, thus producing 
intracellular acidity even in alkaline so- 
lutions (17). 

The pCO, of a solution therefore dif- 
fers from its content of total CO, as 
much as the fH of a solution differs 
from its content of total acid. Just as 
“acidity” today is resolved into two com- 
ponents—the concentration of the hy- 
drogen ion, and the quantity of acid 
potentially capable of furnishing addi- 
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tional hydrogen ions—so “dissolved car- 
bon dioxide” is resolvable into two com- 
ponents—the concentration of unhy- 
drated CO, molecules, and the quantity 
of bicarbonates and carbonates poten- 
tially capable of furnishing additional 
CO, molecules. In a given solution, 
Henry’s law states that the concentra- 
tion of CO, gas is directly proportional 
to its pCO,: 


[CO.]=a pCO, 


where «@ is the solubility of CO, gas in 
that solution at any given temperature 
(18). Finally, it is known that the 
amount of dissolved CO, gas is ap- 
proximately 1000 times the amount of 
H,CO, present in a solution (19) and 
that the solubility coefficient of CO, in 
water is approximately 1 (20). 


Known Instances of Control of 
Biological Phenomena by pCO, 


Reviewing briefly some cases where 
pCO, has been shown to control biologi- 
cal phenomena, it need only be men- 
tioned that the respiratory center of the 
brain is highly sensitive to this variable 
(21). Powers has pointed out that lung- 
breathing animals have the dual advan- 
tage of living in an environment of fixed 
CO, composition and of possessing closed 
alveolar spaces within which the pCO, 
of the air may be closely regulated (22). 
He stated that fish, for example, are 
very sensitive to the pCO, of water, for 
their gills are essentially open systems 
and hence highly responsive to the vari- 
able pCO, found at various depths in 
lakes and other bodies of water. Powers 
and others have held that pCO, is a 


prime ecological variable, capable of 


controlling both the habitats of different 
species of fish as well as the migratory 
movements of salmon (23). Davidson 
has recorded a striking instance of ca- 
tastrophic death in fish, apparently pro- 
duced by a sudden increase in pCO, 
(24). 

The process of photosynthesis is an- 
other biological phenomenon that is sen- 
sitive to pCO,. Aquatic plants and algae, 
for example, selectively absorb free CO, 
molecules rather than the almost totally 
impermeable bicarbonate ions (25). 
Thus, Emerson and Green found that at 
optimal levels of pCO, (about 0.1 per- 
cent of an atmosphere) “neither hydro- 
gen ion nor bicarbonate ion concentra- 
tion influences the rate of photosynthesis 
between pH 4.6 and 8.9” (26). 


Possible Instances of Control of 
Biological Phenomena by pCO, 


Went and others have shown that both 
vegetative growth and floral differentia- 
tion in plants are highly dependent on 
the relative duration and respective tem- 
peratures of their day and night cycles 
(27). Since the primary day reaction is 
the CO,-utilizing reaction of photosyn- 
thesis and the primary night reaction the 
CO,-generating process of respiration, it 
appears possible that these effects are 
mediated by changes in the pCO, of the 
tissues of the plant. Crocker has shown, 
for example, that increased concentra- 
tions of CO, in the air regulate plant 
growth in a manner strikingly similar to 
that of ethylene chlorohydrin (28). 

Several other obscure biological phe- 
nomena may well depend on this curi- 
ously labile variable. As in Hydra, sexual 
differentiation in Protista, myxamoebae, 
Bonellia, Crepidula, Daphnia, and other 
genera (29) would appear to depend on 
critically increased levels of pCQ,. 
Banta, for example, showed that the 
stimulus to sexual maturation in Daph- 
nia was a nonspecific gas given off by 
many types of animals. Ketchell and 
Williams found that tissue cultures of 
Cecropia larva spermatocytes gave off a 
gas that induces spermatid differentia- 
tion when it is present in sufficient con- 
centration. Whitaker has described the 
group effects long observed in germinat- 
ing Fucus eggs as dependent on “a com- 
mon action of hydrogen ions and CO,” 
(30). Cooper demonstrated that Rana 
pipiens eggs gave off a “hatching secre- 
tion” that was inactivated on standing 
in the cold, as well as by simply passing 
it through a filter (37). Clowes described 
a sperm-stimulating gas derived from 
marine eggs (32), while Cook and 
Elvidge recently showed that a similar 
sperm-stimulating gas was given off non- 
specifically by several species of Fucaceae 
eggs. He showed that this gas was chloro- 
form-soluble and able to penetrate even 
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the thick walls of oogonia (33). Kisimoto 
found that crowding the larvae of the 
plant hopper Nilaparvata in the bottom 
of test tubes differentially produced fly- 
ing forms of this insect, the effect vary- 
ing with the degree of crowding of the 
larvae (34). 

The extensive work of Child has 
shown that differentiation and morpho- 
genesis are intimately affected by respi- 
ratory and metabolic gradients (35). It 
need only be mentioned here that all 
such gradients are, ipso facto, gradients 
of pCO,. Bellamy observed that adding 
5x10-°N HCl to the water in which 
frog eggs were developing produced “a 
very marked acceleration of develop- 
ment. Both Professor Child and myself 
have obtained these acceleration forms 
independently and repeatedly” (36). 
Bellamy’s striking results, supported by 
illustrations, may well be the result of a 
critical elevation of pCO,, for addition 
of dilute acid to the carbonate-contain- 
ing well water used in his experiments 
would raise the pCO, in unequilibrated 
solutions. Merwin showed that the rate 
of development of frog eggs was stimu- 
lated by crowding various numbers of 
eggs together, as well as by exposing 
them to air containing 0.3 percent CO, 
(37). Trinkaus and Drake reported that 
CO, in the gas phase stimulated differ- 
entiation in Fundulus embryos (38), 
while Spratt concluded from similar ob- 
servations in chick embryos that “it is 
possible that carbon dioxide may be as 
fundamental a requirement of the early 
embryo as oxygen” (39). Rather than 
being merely a waste product of metab- 
olism, therefore, it appears that CO, is 
capable of regulating cellular differen- 
tiation, Since the concentration of this 
penetrating gas is automatically highest 
toward the center of a mass of tissue, 
gradients exist from within outward that 
are a function of the whole, reforming 
whenever part of a tissue is cut away. 
Since these field characteristics are also 
those of the developing embryo, it ap- 
pears possible that pCO, gradients, gen- 
erated by the cells themselves, may be 
one of the important variables control- 
ling embryologic development. 

Moen has shown that single cells will 
not grow in vitro unless they receive an 
“influence” from neighboring cells that 
need not be in contact with them (40). 
Earle and his associates were able to 
grow single cells in isolation by sealing 
them in capillary tubes filled with air 
that was enriched with 5 percent CO, 
(41). Recently Puck has shown that sin- 
gle cells can be grown in media in which 
a “short-lived, diffusible factor” is gen- 
erated by x-irradiated feeder cells (in- 
capable of multiplication themselves) 
placed in close juxtaposition to the single 
multiplying cell (42). In all of these 
cases, it would appear possible that pCO, 
was the mysteriously labile variable. Cer- 
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tainly the pCO, within a tissue culture 
is generally high, for the usually alkaline 
culture medium is equilibrated with ap- 
proximately 4 percent CO, in the usual 
routine of tissue culture (43). Although 
the rationale for equilibrating the me- 
dium with CO, gas is universally stated 
to be the establishment of a correct pH, 
it is clear that there are easier ways of 
doing this today and that this particular 
method may well be required for the 
establishment of a correct level cf pCO, 
(44). 


Inhibition of Growth by 
High Levels of pCO, 


The stimulating effects of low levels of 
pCO, on growth and differentiation con- 
trast with the inhibitory effects of high 
levels. Smith and Clowes, for example, 
found that ceil division in marine eggs 
could be reversibly arrested by sufficient 
elevation of the pCO, (45). Haywood 
and Root studied these effects quantita- 
tively, finding that levels of pCO, above 
5 percent of an atmosphere markedly in- 
hibited both respiration and cell division, 
the latter being completely arrested at 
about 16 percent of an atmosphere (46). 
Since the pCO, of human tissues is al- 
ways above 5.3 percent of an atmosphere 
(its level in arterial blood, 21), it ap- 
pears that high levels of pCO, may be 
the primary reason for the arrest of cell 
division in most adult mammalian tis- 
sues. 


Possible Relation to Cancer 


It has been repeatedly observed that 
normal cells grown for long periods of 
time in tissue culture have a tendency to 
turn cancerous (47). In fact, the progres- 
sively anaerobic environment of a tissue 
culture apparently “provides just the 
conditions needed to transform the me- 
tabolism of normal epithelial cells to 
that of malignant cells” (48). To date, 
the only operative variable that has been 
suggested has been that of intermittent 
anoxia (49). Just as likely, perhaps, is 
the fact that the gradually increasing 
pCO, within a tissue culture provides an 
environment favorable to the growth of 
any mutant cell that is even partially re- 
sistant to the inhibitory effect of high 
levels of pGO,. Since variation in re- 
sistance to high levels of pCO, is known 
to occur both between species (23) and 
within a single species (50), it may be 
that resistance to pCO, inhibition can 
appear in cells grown for long periods 
of time in an environment where pCO, 
is the limiting variable. Certainly any 
inherited resistance to pCO, inhibition, 
however partial, would result in the se- 
lective growth of a resistant cell strain. 
Indeed, Mottram has suggested that very 


high levels of pCO, may even produce 
somatic mutations, for he observed that 
levels of pCO, of about 10 to 20 percent 
of an atmosphere produced abnormal 
mitotic figures very similar to those pro- 
duced by radiation. He concluded that 
“a localized increase of the carbon diox- 
ide tension in the tissues, due to a dimin- 
ished blood supply, may be an important 
factor in the cancerous change of cells 
and may even be the factor common to 
many known ‘causes’ of cancer” (51). 

Whether malignant growth actually re- 
sults from the de novo appearance of a 
partially pCO,-resistant cell strain selec- 
tively capable of growing in an environ- 
ment whose pCO, is sufficiently high to 
inhibit the growth of its normal cell 
neighbors, only further work can deter- 
mine. 


Conclusion 


It has been found that sexual differ- 
entiation may be reversibly induced in 
Hydra by measures that control the 
pCO, of their aqueous environment. The 
marked differences between pCO,, or the 
partial pressure of dissolved CO, gas, 
and total CO, as usually measured are 
discussed both chemically and biologi- 
cally. In general, it appears that the level 
of pCO, in the environment of a living 
cell is one of the most labile and neg- 
lected of all biological variables, yet 
one that is capable of regulating both 
the rate of cell division and the process 
of differentiation. 
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News of Science 


Sputnik 


The U.S.S.R. launched the first earth 
satellite, Sputnik, on Friday, 4 October. 
In the United States a group of partici- 
pants in an International Geophysical 
Year conference was being entertained 
at the Russian Embassy when the news 
was announced. Lloyd Berkner, Ameri- 
can IGY representative who is the re- 
porter on earth satellites for a special 
IGY committee, interrupted the embassy 
festivities to commend the Soviet scien- 
tists for their historic achievement. 

In a published statement, Joseph Kap- 
lan, chairman of the United States Na- 
tional Committee for IGY, said: 

“T am amazed, [given] the short time 
which they had to plan—obviously not 
any longer than we had. I think it was 
a remarkable achievement on their part. 
From the point of view of international 
cooperation the important thing is that 
a satellite has been launched. They did it 
and did it first.” 

P. H. Wyckoff, another member of the 
United States IGY committee, com- 
mented: “We are all elated that it is 
up there.” 

The text of the first Soviet report on 
the Sputnik included the following state- 
ments: 

“According to calculations . . . the 
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satellite will revolve at heights of up to 
900 kilometers [500 miles], making one 
complete revolution [at 18,000 miles an 
hour] in one hour 35 minutes, the angle 
of its orbit to the equatorial plane being 
65 degrees. . . 

“The satellite is in the form of a 
sphere with a diameter of 58 centimeters 
[about 22 inches] and weighs 83.6 kilo- 
grams [about 184 pounds]. It carries two 
radio transmitters emitting continuously 
signals of 20.005 and 40.002 megacycles 
frequency [about 15 and 7.5 meters wave- 
length, respectively]. The transmitters are 
powerful enough to insure good recep- 
tion by wide numbers of amateur radio 
operators. 

“The signals are sent in the form of 
telegraph messages lasting some 0.3 sec- 
onds with a pause of the same duration 
in between. 

“The signal on one frequency is sent 
during the pause in the transmission on 
another frequency. . . . 

“The Soviet Union proposes to send 
up several more artificial satellites dur- 
ing the International Geophysical Year. 
These will be bigger and heavier and 
will help to carry out an extensive pro- 
gram of scientific research. . . .” 

Three days after the launching, Mos- 
cow radio reported that: 

“The carrier rocket is just now revolv- 
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ing around the earth at approximately 
the same altitude—560 miles—as the 
satellite. The distance between them is 
about 625 miles. The distance will grow.” 

On the morning of 8 October, Moscow 
radio again issued a report, this time a 
warning that the satellite power supply 
was almost expended, that its batteries 
had been expected to last “only a few 
days.” Later in the day the signals were 
lost for a time, but reappeared as strongly 
as ever after a lapse of several hours. 

On Wednesday, 9 October, the Soviet 
Union’s newspaper Pravda published for 
the first time details of the satellite and 
its rocket: 

“The successful launching of the man- 
made moon, has fully confirmed the cor- 
rectness of the calculations . . . in de- 
signing the carrier rocket and the satel- 
lite. 

“The satellite was placed in the nose 
of the carrier rocket and shielded by a 
protective cone. The rocket was fired 
vertically. Moving around the world now 
is not only the baby moon and the car- 
rier-rocket, but the protective cone as 
well. ... 

“Inasmuch as the time between the 
jettisoning of the cone and the detach- 
ment of the satellite was not great, the 
rocket and the cone were comparatively 
near the satellite for some time. . . . 

“Then, due to the difference in rota- 
tion periods arising both from the rela- 
tive speeds at the time of detachment 
and from the varying degrees of atmos- 
pheric resistance, the three objects moved 
apart and in their further rotation could 
be spotted over absolutely different points 
of the world at the one and same mo- 
ment. 

“The altitude of the satellite varies. It 
changes periodically, reaching the high- 
est point of approximately 1000 kilo- 
meters [600 miles]. 

“At present the orbit’s perihelion [low- 
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est point] is in the northern hemisphere, 
and its apogee [highest point] in the 
southern hemisphere. The moon passes 
over the earth areas stretching approxi- 
mately between the north and the south 
polar circles. . . . Due to resistance en- 
countered . . . in the atmosphere’s upper 
layer, its [elliptical] orbit will gradually 
take on a circular shape. 

“The satellite has the form of a sphere 
whose body is made of aluminum alloys. 
All the instruments are installed inside 
the sphere. Before launching, the satel- 
lite was filled with the gaseous nitrogen 
which is forcibly circulated during the 
flight. This is needed to maintain the 
necessary temperature. 

“The satellite has light senstive ele- 
ments which alter the radio frequencies 
of the signals and the correlation be- 
tween their durations and intermissions 
as soon as the temperatures or other 
parameters of the satellite change. . . 
The received radio signals are now be- 
ing decoded and analyzed... . 

“The Soviet Union will also launch a 
satellite having animals as passengers for 
the purpose of studying the behavior of 
living organisms during cosmic flight.” 
To American observers, perhaps the 
two most impressive facts about the 
Sputnik are its weight and the height of 
its orbit. The United States Project Van- 
guard has been hoping to launch a 2114- 
pound vehicle, less than one-eighth the 
size of the Soviet one. In addition, this 
country has been planning a satellite that 
would orbit at only about 300 miles above 
the earth. This altitude, roughly half that 
of the Sputnik, would touch the fringe 
of the atmosphere, probably limiting our 
satellite’s life to a few days. 

The Soviet accomplishment has had a 
significant impact on both international 
and domestic affairs. In the United 
States, there have already been demands 
in the press for a Congressional investi- 
gation of our missile programs. A num- 
ber of high-ranking military officials in 
the Army, Navy, and Air Force have 
made public statements revealing inter- 
service rivalry, and there has been con- 
troversy about the Federal budget allo- 
cations for scientific research (see edi- 
torial on page 723). In addition, it is 
predicted that long-neglected requests to 
the Civil Service Commission and to the 
White House for salary increases for 
Government scientists and engineers wil] 
again receive attention. 


Cole to Head IAEA 


W. Sterling Cole, Republican repre- 
sentative of Congress from upstate New 
York, was elected director general of the 
International Atomic Energy Agency by 
unanimous vote of its 23 governors dur- 
ing the recent initial general conference 
in Vienna of the new organization. How- 
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ever, the Soviet delegate stated that the 
U.S.S.R. would have preferred that the 
agency be headed by a representative of 
a neutral country but that in the inter- 
ests ot harmony there would be no op- 
position to the choice of Representative 
Cole. 

The appointment, which is effective 
on 1 December, will be for a term of 4 
years. The recommendations of the pre- 
paratory commission to the general con- 
ference were that Cole be assisted by a 
staff of 370 persons. Fifteen of these 
would have the rank of director, with 
salaries of $10,000 to $12,500, and Cole’s 
salary would be $20,000. 

Cole, 53 years old, has been a member 
of Congress since 1935 and has served on 
the Joint Congressional Committee on 
Atomic Energy since it was established 
in 1946; he was its chairman in 1953 and 
1954. It was under his chairmanship that 
the basic United States law concerning 
atomic energy was rewritten to make it 
possible for peaceful uses of atomic en- 
ergy to be developed more rapidly in the 
United States and for these applications 
to be made broadly available to other na- 
tions. This legislation authorized, among 
other things, United States activities in 
establishing the International Atomic En- 
ergy Agency. 

Cole served as a member of the United 
States delegation to the conference to 
draft the statute of the International 
Atomic Energy Agency in October 1956. 
He also served as a member of the Con- 
gressional delegation to the Geneva 
atoms-for-peace conference in 1955. 


News Briefs 


The Metals Research Laboratory of 
Carnegie Institute of Technology is ob- 
serving its 25th anniversary this year with 
a reunion program in Pittsburgh on 24 
October. The laboratory is a special re- 
search institute associated with the de- 
partment of metallurgical engineering in 
C.I.T’s College of Engineering and Sci- 
ence, 

* * * 

October has been designated Geology 
Month in Scouting. As part of the month, 
a Boy Scout Geology Kit of program aids 
has been prepared by the American Geo- 
logical Institute, the American Associa- 
tion of Petroleum Geologists, and the 
American Petroleum Institute, and dis- 
tributed to all Boy Scout Troops and 
Scout Explorer Unit leaders. Many ge- 
ologists have volunteered to give talks on 
geology, minerals, and fossils, and to con- 
duct geology field trips during the month. 

* * * 


San Jose State College has announced 
that a $2.5-million addition to its science 
building has been completed for use this 
fall term. This facility doubles the space 
available for the natural sciences. 


Paperbound Science Library 


An Inexpensive Science Library, a list 
of paperbound science and mathematics 
books, has been compiled by Hilary J. 
Deason, director of the AAAS High 
School Science Library Program [Science 
124, 1013 (23 Nov. 1956)]. The library 
program is supported by the National 
Science Foundation. 

Deason’s list includes books of varying 
degrees of difficulty, all of which are rec- 
ommended for the nonspecialist adult 
reader. A majority of the titles will ap- 
peal to senior high school or junior- 
college students, and many can be read 
by junior high school students. 

The list, which has been published in 
pamphlet form, may be obtained for 10 
cents from AAAS headquarters. Copies 
will be sent free to teachers and librar- 
ians. The books selected are as follows: 


Anatomy 


Frohse, F.; Brodel, M., et al. Atlas of 
Human Anatomy. Barnes & Noble 70, 
1957. 88 pp. illus. $2.25. 

Sproul, E. E. The Science Book of the 
Human Body. Cardinal C174, 1955. 232 
pp. illus. 35¢. 


Anthropology 


Alpenfels, E. J. Sense and Nonsense 
about Race. Friendship Press, 1957. 64 
pp. illus. 50¢. 

Benedict, R. Patterns of Culture. Men- 
tor MD89, 1946. 272 pp. 50¢. 

Collier, J. Indians of the Americas. 
Mentor MD171, 1948. 191 pp. 50¢. 

Cotlow, L. Amazon Head-Hunters. 
Signet $1094, 1954. 239 pp. illus. 35¢. 

Lips, J. E. The Origin of Things. Pre- 
mier s33, 1956. 240 pp. illus. 35¢. 

Mead, M. Cultural Patterns and Tech- 
nical Change. Mentor MD134, 1955, 352 
pp. 50¢. 


Archeology 


Albright, W. F. The Archaeology of 
Palestine. Pelican A199, 1956. 271 pp. 
illus, 85¢. 

Cottrell, L. The Anvil of Civilization. 
Mentor MD197, 1957. 256 pp. illus. 50¢. 

Edwards, I. E. S. The Pyramids of 
Egypt. Pelican A168, 1947. 256 pp. illus. 
65¢. 

Gurney, O. R. The Hittites. Pelican 
A259, 1954. 240 pp. illus. 85¢. 

Pallottino, M. The Etruscans. Pelican 
A310, 1955. 295 pp. illus. 85¢. 

Vaillant, G. C. The Aztecs of Mexico. 
Pelican A200, 1950. 333 pp. illus. 95¢. 

von Hagen, V. W. Realm of the Incas. 
Mentor MD192, 1957. 231 pp. illus. 50¢. 

Wheeler, M. Archaeology from the 
Earth, Pelican A356, 1956. 252 pp. illus. 
85¢. 


Woolley, L. Digging Up the Past. Peli-., 


can A4, 1937. 121 pp. illus. 85¢. 
Woolley, L. A Forgotten Kingdom. 
Pelican A261, 1953. 191 pp. illus. 75¢. 
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Astronomy 


Armitage, A. The World of Coperni- 
cus. Mentor MD65, 1951. 165 pp. illus. 
50¢. 


Bernhard, H. J.; Bennett, D. A.; and , 


Rice, H. S. New Handbook of the Heav- 
ens. Mentor MD114, 1954. 272 pp. illus. 
50¢. 

Degani, M. H. Astronomy Made Sim- 
ple. Made Simple, 1955. 192 pp. illus. 


$1 

Drake, S. Discoveries and Opinions of 
Galileo. Anchor A94, 1957. 302 pp. $1.25. 

Dreyer, J. L. E. A History of Astron- 
omy from Thales to Kepler. Dover S79, 
1953. 438 pp. $1.98. 

Gamow, G. The Birth and Death of 
the Sun. Mentor MD120, 1952. 219 pp. 
illus. 50¢. 

Gamow, G. The Creation of the Uni- 
verse. Compass C7, 1956. 147 pp. illus. 
$1.25. 

Hausman, L. A. Astronomy Handbook. 
Fawcett 314, 1956. 144 pp. illus. 75¢. 

Hoyle, F. Frontiers of Astronomy. 
Mentor MD200, 1957. 317 pp. illus. 50¢. 

Hoyle, F. The Nature of the Universe. 
Mentor M125, 1955. 128 pp. illus. 35¢. 

Johnson, G., and Adler, I. Discover 
the Stars. Sentinel 17, 1957. 146 pp. 
illus, 75¢. 

Jones, H. S. Life on Other Worlds. 
Mentor MD144, 1956. 160 pp. illus. 50¢. 

Mattersdorf, L. A Key to the Heavens. 
Premier s27, 1956. 159 pp. illus. 35¢. 

Reichenbach, H. From Copernicus to 
Einstein. Wisdom Library, 1942. 93 pp. 
illus. 95¢. 

Scientific American, Editors of. The 
New Astronomy. Simon and Schuster, 
1955. 243 pp. illus. $1. 

Smart, W. M. The Origin of the Earth. 
Pelican A339, 1955. 224 pp. illus. 65¢. 


Biological Sciences 


Abercrombie, M.; Hickman, C. J.; 
Johnson, M. L. A Dictionary of Biology. 
Penguin R3, 1954. 250 pp. 65¢. 

Alexander, G. Biology. College Out- 
line 4, 1954. 253 pp. illus. $1.25. 

Alexander, P. Atomic Radiation and 
Life. Pelican A399, 1957. 239 pp. illus. 
85¢. 

Berrill, N. J. The Living Tide. Premier 
s26, 1956. 239’ pp. 35¢. 

Berrill, N. J. Sex and the Nature of 
Things. Cardinal C169, 1955. 222 pp. 
illus. 35¢. 

Bryan, A. H., and Bryan, C. G. Bac- 
teriology. College Outline 3, 1956. 422 
pp. illus. $2.50. 

Carson, R. L. Under the Sea Wind. 
Mentor M128, 1955. 157 pp. 35¢. 

Darwin, C. The Origin of Species. 
Ungar, 1956. 134 pp. 95¢. 

Dunn, L. C., and Dobzhansky, T. 
Heredity, Race, and Society. Mentor 
MN74, 1952. 144 pp. 50¢. 

Field, M.; Durden, J. V.; Smith, F. P. 
Cine-Biology. Pelican A85, 1941. 135 pp. 
illus. 65¢. 
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Fox, H. M. The Personality of Ani- 
mals. Pelican A78, 1952. 154 pp. illus. 
50¢. 

Hanauer, E. R. Biology Made Simple. 
Made Simple, 1956. 192 pp. illus. $1.00. 

Huxley, J. Evolution in Action. Men- 
tor MD204, 1957. 141 pp. illus. 50¢. 

Johnson, G., and Bleifeld, M. Hunting 
with the Microscope. Sentinel 23, 1956, 
134 pp. illus. 95¢. 

Johnson, M. L.; Abercrombie, M.; 
Fogg, G. E. New Biology. Penguin. illus. 
(Issued triennially, 65¢ per copy.) 

Kalmus, H., and Crump, L. M. Genet- 
ics. Pelican A179, 1948. 171 pp. illus. 
50¢. 

Langdon-Davies, J. Seeds of Life. Sig- 
net Key Ks345, 1957. 144 pp. 35¢. 

Nicol, H. Microbes and Us. Pelican 
A326, 1955. 272 pp. 65¢. 

Oparin, A. I. Origin of Life. Dover 
Publications $213, 1953. 270 pp. $1.75. 

Romer, A. S. Man and the Vertebrates 
(Vols. I and II). Pelican A303, A304, 
1954. 437 pp. (in all). illus. 85¢ each. 

Schrodinger, E. What Is Life? And 
Other Scientific Essays. Anchor A88, 
1956. 263 pp. 95¢. 

Scientific American, Editors of. The 
Physics and Chemisiry of Life. Simon 
and Schuster, 1955. 270 pp. illus. $1. 

Sherrington, C. Man on His Nature. 
Anchor A15, 1955. 316 pp. illus. 95¢. 

Simpson, G. G. The Meaning of Evo- 
lution. Mentor M66, 1951. 192 pp. illus. 
35¢. 

Smith, K. M. Beyond the Microscope. 
Pelican A119, 1957. 154 pp. illus. 85¢. 

Storer, J. H. The Web of Life. Signet 
Key Ks333, 1956. 128 pp. illus. 35¢. 

Worth, C. B., and Enders, R. K. The 
Nature of Living Things. Signet Key 
Ks326, 1955. 198 pp. illus. 35¢. 


Botany 

Field, M.; Durden, J. V.; Smith, F. P. 
See How They Grow. Pelican A242, 
1952. 169 pp. illus. 85¢. 

Fuller, H. J. General Botany. College 
Outline 33, 1955. 196 pp. illus. $1. 

Gottscho, S. The Pocket Guide to the 
Wildflowers. Pocket Books 788, 1951. 
192 pp. illus, 35¢. 

Hubbard, C. E. Grasses. Pelican A295, 
1954. 428 pp. illus. 85¢. 

Stefferud, A. How To Know the Wild 
Flowers. Mentor M48, 1950. 144 pp. 
illus. 35¢. 


Chemistry 

Alexander, W., and Street, A. Metals 
in the Service of Man. Pelican A125, 
1954. 235 pp. illus. 85¢. 

Couzens, E. G., and Yarsley, V. E. 
Plastics in the Service of Man. Pelican 
A272, 1956. 315 pp. illus. 85¢. 

Frey, P. R. Chemistry Problems. Col- 
lege Outline 46, 1953. 163 pp. illus. 
$1.25. 

Hess, F. C. Chemistry Made Simple. 
Made Simple M3, 1955. 192 pp. illus. 
$1.00. 


Holmyard, E. J. Alchemy. Pelican 
A348, 1957. 281 pp. illus. 85¢. 

Hutton, K. Chemistry: The Conquest 
of Materials. Pelican A353, 1957. 228 pp. 
illus. 85¢. 

King, W. B. Chemistry: Elementary 
for College Students. Littlefield 12, 1957. 


216 pp. illus. $1.50. 


Williams, T. I. The Chemical Indus- 
try. Pelican A282, 1953. 192 pp. 50¢. 


Earth Sciences 


Adams, F. D. The Birth and Develop- 


ment of the Geological Sciences. Dover 
T5, 1954. 506 pp. illus. $2.00. 

Fearnsides, W. G., and Bulman, O. M. 
B. Geology in the Service of Man. Peli- 
can A128, 1950. 217 pp. illus. 50¢. 

Field, R. M. Geology. College Out- 
line 13, 1955. 211 pp. illus. $1.25. 

Fisher, R. M. How to Know and Pre- 
dict the Weather. Mentor M84, 1953. 
167 pp. illus. 35¢. 

Fuerst, R. E. The Typhoon-Hurricane 
Story. Tuttle, 1956. 172 pp. illus. $1.50. 

Gamow, G. Biography of the Earth, 
Mentor MD138, 1948. 194 pp. illus. 
50¢. 

Himus, G. W. A Dictionary of Geol- 
ogy. Penguin R8, 1954. 153 pp. illus. 50¢. 

Jones, W. R. Minerals in Industry. 
Pelican A123, 1955. 238 pp. illus. 50¢. 

Pearl, R. M. How To Know the Min- 
erals and Rocks. Signet Key KD346, 
1957. 192 pp. illus. 50¢. 

Pearl, R. M. Rocks and Minerals. 
Barnes & Noble 260, 1956. 275 pp. illus. 
$1.95. 

Rapport, S., and Wright, H. The 
Crust of the Earth. Signet Key Ks330, 
1955. 224 pp. illus. 35¢. 

Sloane, E. How You Can Forecast the 
Weather. Premier s42, 1957. 150 pp. 
illus. 35¢. 

Verrill, A. H. The Strange Story of 
Our Earth. Premier s24, 1956. 157 pp. 
illus, 35¢. 


Engineering 
Clarke, A. C. The Exploration of 
Space. Cardinal C135, 1954. 210 pp. 
illus. 35¢. 
Goodman, L. L. Man and Automa- 
tion. Pelican A401, 1957. 286 pp. 85¢. 
Goodwin, H. L. The Science Book of 


Space Travel. Cardinal C207, 1956. 213 . 


pp. illus. 35¢. 

Leonard, J. N. Flight into Space. Sig- 
net Key Ks317, 1954. 10 pp. 35¢. 

Ruppelt, E. J. The Report on Un- 
identified Flying Objects. Ace D200, 
1956. 318 pp. 35¢. 

Scientific American, Editors of. Atomic 
Power. Simon and Schuster, 1955. 180 
pp. illus. $1. 

Scientific American, Editors of. Auto- 
matic Control. Simon and Schuster, 
1955. 148 pp. illus. $1. 

Tunnard, C., and Reed, H. H. Amer- 
ican Skyline. Mentor MD175, 1956. 224 
pp. illus. 50¢. 
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Geography-Travel 


Carson, R. L. The Sea around Us. 
Mentor M100, 1954. 169 pp. illus. 35¢. 
Heyerdahl, T. Kon-Tiki. Permabooks 
M4062, 1953. 240 pp. illus. 35¢. 
Moore, W. G. A Dictionary of Geog- 
raphy, Penguin R2, 1952. 191 pp. illus. 
50¢. 


Mathematics 


Abbott, E. A. Flatland. Dover T1, 
1952. 103 pp. illus. $1. 

Arkin, H., and Colton, R. R. Statis- 
tical Methods. College Outline 27, 1956. 
273 pp. illus. $1.75. 

Arkin, H., and Colton, R. R. Tables 
for Statisticians. College Outline 75, 
1950. 152 pp. $1.25. 

Bigsbee, E. M. Five-Place Mathemati- 
cal Tables. Littlefield 8, 1952. 186 pp. 
$1.00. 

Bishop, C. C. Slide Rule: How To 
Use It. Barnes & Noble 254, 1955. 149 
pp. illus. $1.25. 

Bonola, R. Non-Euclidean Geometry. 
Dover S27, 1955. 389 pp. illus. $1.95. 
Dantzig, T. Number, the Language of 
Science. Anchor A67, 1954. 345 pp. illus. 
95¢ 

Descartes, R. (tr. Smith, D. E., and 
Latham, M. L.). Geometry. Dover S68, 
1954. 243 pp. illus. $1.50. 

Horblit, M., and Nielsen, K. L. Plane 
Geomeiry Problems. College Outline 63, 
1947, 197 pp. illus. $1.25. 

Klaf, A. A. Trigonometry Refresher 
for Technical Men. Dover T371, 1956. 
629 pp. illus, $2.00. 

Kojima, T. The Japanese Abacus: Its 
Use and Theory. Tuttle, 1954. 102 pp. 
illus. $1.25. 

Kraitchik, M. Mathematical Recrea- 
tions. Dover T163, 1953. 330 pp. illus. 
$1.65. 

Maxwell, J. C. Matter and Motion. 
Dover S188, 1952. 163 pp. $1.25. 
McDowell, C. H. A Short Dictionary 
of Mathematics. Wisdom Library, 1957. 
64 pp. illus. $1.45. 

Moore, G. E. Algebra. College Out- 
line 38, 1951. 230 pp. $1.50. 

Moroney, M. J. Facts From Figures. 
Pelican A236, 1956. 472 pp. illus. 95¢. 
Mott-Smith, G. Mathematical Puzzles. 
Dover T198, 1954. 248 pp. illus. $1. 
Myers, J. H. Statistical Presentation. 
Littlefield, 1950. 68 pp. illus. 75¢. 
Nielsen, K. L. Logarithmic and Trigo- 
nometric Tables. College Outline 44, 
1943, 155 pp. 95¢. 

Nielsen, K. L., and Vanlonkhuyzen, 
J. H. Plane and Spherical Trigonometry. 
College Outline 44, 1954. 314 pp. $1.50. 
Oakley. C. O. Analytic Geometry. Col- 
lege Outline 68, 1954. 246 pp. illus. 
$1.25. 

Oakley, C. O. The Calculus. College 
Outline 48, 1944, 221 pp. illus. $1.50. 
Petersen, G. M., and Graesser, R. F. 
Calculus, Differential and Integral. Lit- 
tlefield, 1956. 321 pp. illus. $1.75. 


Polya, G. How To Solve It. Anchor 
A93, 1957. 253 pp. 95¢. 

Russell, B. A. W. Foundations of 
Geometry. Dover $233, 1956. 201 pp. 
$1.50. 

Sawyer, W. W. Mathematician’s De- 
light. Pelican A121, 1943. 238 pp. illus. 
65¢. 

Sawyer, W. W. Prelude to Mathe- 
matics. Pelican A327, 1955. 214 pp. illus. 
65¢. 

Schaaf, W. L. Mathematics for Every- 
day Use. Barnes & Noble 212, 1942. 363 
pp. illus. $1.35. 

Slaby, S. M. Descriptive Geometry. 
College Outline 101, 1956. 351 pp. illus. 
$2.25. 

Sperling, A., and Stuart, M. Mathe- 
matics Made Simple. Made Simple Ml, 
1944, 192 pp. illus. $1.00. 

Sticker, H. How To Calculate Quickly. 
Dover T295, 1955. 256 pp. $1.00. 

Struik, Dirk J. A Concise History of 
Mathematics. Dover $255, 1948. 299 pp. 
illus, $1.75. 

Young, J. W. A. Monographs on Top- 
ics of Modern Mathematics. Dover 8289, 
1955. 416 pp. illus. $1.95. 


Medicine 


Burnet, F. M. Viruses and Man. Peli- 
can A265, 1955. 203 pp. illus. 65¢. 

Clapesattle, H. The Doctors Mayo. 
Cardinal GC 30, 1956. 484 pp. 50¢. 

Clark-Kennedy, A. E. Human Disease. 
Pelican A378, 1957. 267 pp. 85¢. 

Cooley, D. G. The Science Book of 
Wonder Drugs. Cardinal C132, 1954. 
247 pp. 35¢. 

de Kruif, P. Microbe Hunters. Pocket 
Books 49, 1940. 350 pp. 25¢. 

Drew, J. Man, Microbe, and Malady. 
Pelican A73, 1940. 209 pp. illus. 50¢. 

Schweitzer, A. Out of My Life and 
Thought. Mentor M83, 1953. 213 pp. 
50¢. 


Physics 


Andrade, E. N. da C. An Approach 
to Modern Physics. Anchor A111, 1956. 
266 pp. illus. 95¢. 

Barnett, L. The Universe and Dr. Ein- 
stein. Mentor M71, 1952. 140 pp. illus. 
35¢. 

Bragg, W. Concerning the Nature of 
Things. Dover *T31, 232 pp. illus. $1.25. 

de Ville, E. Electricity. Pelican A323, 
1955. 159 pp. illus. 65¢. 

Freeman, I. M. Physics Made Simple. 
Made Simple M5, 1954. 188 pp. illus. 
$1.00. 

Galilei, G. (tr. Crew, H., and de Sal- 
vio, A.). Dialogues Concerning Two New 
Sciences. Dover. 294 pp. illus. $1.65. 

Haber, H. Our Friend the Atom. Dell 
B104, 1956. 128 pp. illus. 35¢. 

Hertzberg, R. Electronics Handbook. 
Fawcett 319, 1956. 143 pp. illus. 75¢. 

Mach, E. The Principles of Physical 
Optics. Dover S178, 1953. 324 pp. illus. 
$1.75. 

Mechanix Illustrated, Editors of. Elec- 


tronics Guide. Fawcett 347, 1957. 144 
pp. illus. 75¢. 

Minnaert, M. The Nature of Light 
and Colour in the Open Air. Dover 
T196, 1954. 362 pp. illus. $1.95. 

Newton, I. Opticks. Dover, 1952. 406 
pp. illus. $1.98. 

Sutton, O. G. The Science of Flight. 
Pelican A209, 1955. 231 pp. illus. 85¢. 

Upton, M. Electronics for Everyone. 
Signet Key KD351, 1957. 302 pp. illus. 
50¢. 

Van Valkenburgh, Nooger, and Ne- 
ville, Inc. Basic Electricity (5 vols.). 
Rider 169-1 to 169-5, 1954. 579 pp. 
(inc.) illus. Vol. 1 (Introduction to 
elecricity); Vol. 2 (DC circuits); Vol. 
3 (Alternating current); Vol. 4 (AC cir- 
cuits); Vol. 5 (DG & AC machinery). 
$2.25 each. 

Van Valkenburgh, Nooger, and Ne- 
ville, Inc. Basic Electronics (5 vols.). 
Rider 170-1 to 170-5, 1955. 518 pp. 
(iuc.) illus. Vol. 1 (Introduction to elec- 
tronics); Vol. 2 (Amplifiers); Vol. 3 
(Video, RF, and amplifiers); Vol. 4 
(Transmitters); Vol. 5 (Receivers). 
$2.25 each. 

Young, V. J., and Jones, M. W. Pic- 
torial Microwave Dictionary. Rider 188, 
1956. 110 pp. illus. $2.95. 


Physiology~Human 


Abrahams, A. The Human Machine. 
Pelican A373, 1956. 200 pp. 85¢. 

Tokay, E. Fundamentals of Physiol- 
ogy. Barnes and Noble 221, 1956. 336 
pp. illus. $1.50. 

Walker, K. Human Physiology. Peli- 
can A102, 1956. 191 pp. illus. 85¢. 


Psychology 


Drever, J. A Dictionary of Psychology. 
Penguin R5, 1952. 315 pp. 85¢. 

Eysenck, H. J. Sense and Nonsense in 
Psychology. Pelican A385, 1957. 349 pp. 
85¢. 

Eysenck, H. J. Uses and Abuses of 
Psychology. Pelican A281, 1953. 318 pp. 
illus. 85¢. 

Katz, D. Animals and Men. Pelican 
A279, 1953. 191 pp. illus. 50¢. 

Sperling, A. P. Psychology Made Sim- 
ple. Made Simple M18, 1957. 192 pp. 
illus, $1. 


Science in General 


d’Abro, A. The Evolution of Scientific 
Thought. Dover, 1950. 481 pp. $2. 

Barnett, L. The Universe and Dr. Ein- 
stein. Mentor M71, 1952. 140 pp. illus. 
35¢. 

Bridgman, P. W. The Nature of Phys- 
ical Theory. Dover S33. 138 pp. $1.25. 

Brown, H. The Challenge of Man’s 
Future. Compass C3, 1956. 290 pp. 
$1.25. 

Brinton, C. The Shaping of the Mod- 


ern Mind. Mentor MD173, 1953. 287 pp. - 


50¢. 
Calder, R. Science in Our Lives. Sig- 
net Key Ks320, 1955. 192 pp. 35¢. 
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Campbell, N. What Is Science? Dover 
S43, 1952. 186 pp. $1.25. 

Childe, V. G. Man Makes Himself. 
Mentor MD154, 1951. 192 pp. illus. 50¢. 


Clow, A. and N. Science News. Pen-: 


guin. illus. (Issued quarterly, $2.75 per 
year: 65¢ per copy. Available nos.: 5-7, 
15, 21-44.) : 

Conant, J. B. Modern Science and 
Modern Man. Anchor 10, 1953. 187 pp. 
65¢. 

Conant, J. B. On Understanding Sci- 
ence. Mentor M68, 1951. 144 pp. 35¢. 

Engel, L. New Worlds of Modern Sci- 
ence. Dell B102, 1956. 383 pp. illus. 35¢. 

Farrington, B. Greek Science. Pelican 
A142, 1953. 320 pp. illus. 65¢. 

Gamow, G. One, Two, Three . . . In- 
finity. Mentor MD97, 1953. 318 pp. 
illus. 50¢. 

Hall, A. R. The Scientific Revolution, 
1500-1800. Beacon BP29, 1956. 390 pp. 
$1.75. 

Hatfield, H. S. The Inventor and His 
World. Pelican A178, 1948. 256 pp. 35¢. 

Lucretius (tr. Latham, R. E.). The 
Nature of the Universe. Penguin L18, 
1951. 256 pp. 65¢. 

Malinowski, B. Magic, Science, and 
Religion. Anchor A23, 1948. 274 pp. 95¢. 

Nicolson, M. Science and Imagination. 
Great Seal, 1956. 238 pp. $1.75. 

Poincaré, H. Science and Hypothesis. 
Dover S221, 1952. 244 pp. $1.25. 

Sullivan, J. W. N. The Limitations of 
Science. Mentor MD35, 1949. 192 pp. 
50¢. 

Uvarov, E. B., and Chapman, D. R. 
A Dictionary of Science. Penguin R1, 
1951. 240 pp. 65¢. 

Waddington, C. H. The Scientific 
Attitude. Pelican A84, 1948. 175 pp. 
illus. 35¢. 

Whitehead, A. N. The Aims of Edu- 
cation. Mentor MD152, 1949. 166 pp. 
50¢. 

Whitehead, A. N. Science and Philoso- 
phy. Wisdom 12, 1948. 316 pp. $1.65. 

Whitehead, A. N. Science and the 
Modern World. Mentor MD162, 1948. 
212 pp. 50¢. 

Wiener, N. The Human Use of Hu- 
man Beings. Anchor A34, 1954. 199 pp. 
75¢. 

. Zoology 

Alexander, G. General Zoology. Col- 
lege Outline 32, 1951. 290 pp. illus. 
$1.50. 

Bristowe, W. S. Spiders. Penguin K35, 
1947.57 pp. illus. 95¢. 

Coombes, R. A. H. Mountain Birds. 
Penguin 67, 1952. 48 pp. illus. 95¢. 

Crompton, J. The Life of the Spider. 
Mentor M105, 1951. 192 pp. illus. 35¢. 

Cruickshank, A. The Pocket Guide to 
the Birds. Cardinal GC18, 1954. 216 pp. 
illus. 50¢. 

Fisher, J. Bird Recognition I. Pelican 
A175, 1954. 191 pp. illus. 85¢. 

Fisher, J. Bird Recognition III. Peli- 
can A177, 1955. 159 pp. illus. 85¢. 
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Fisher, J. Watching Birds. Pelican 
A75, 1951. 188 pp. illus. 50¢. 

Lack, D. The Life of the Robin. Peli- 
can A266, 1953. 240 pp. illus. 65¢. 

Lane, F. W. Animal Wonder World. 
Premier s44, 1957. 214 pp. 35¢. 

Maeterlinck, M. The Life of the Bee. 
Mentor M111, 1954. 168 pp. 35¢. 

Morley, D. W. The Ant World. Peli- 
can A240, 1953. 190 pp. illus. 65¢. 

Peterson, R. T. How To Know the 
Birds. Signet Key KD347, 1957. 168 pp. 
illus. 50¢. 

Scientific American, Editors of. Twen- 
tieth-Century Bestiary. Simon and Schus- 
ter, 1955. 240 pp. $1. 


Tuberculosis 


The annual report of the National 
Tuberculosis Association states that some 
55 million people are infected with the 
tubercle bacillus, according to estimates 
based on skin sensitivity tests, and that 
the statistical odds are that approxi- 
mately 5 percent of these, or 2.75 mil- 
lion people, will break down with active 
tuberculosis during their lifetimes if the 
development of active disease among the 
infected continues at the present rate. 

The report, which has just been re- 
leased, brings out that BCG, the most 
widely accepted vaccine against tubercu- 
losis, cannot be employed to prevent 
these cases of tuberculosis because BCG 
is not given to people already infected 
with the tuberculosis germ. The report 
reiterates the recommendations of the 
NTA’s medical section, the American 
Trudeau Society, that BCG be given to 
people not yet infected who are exposed 
to tuberculosis to an extraordinary de- 
gree, and emphasizes the importance of 
further research in the field of immunity 
to tuberculosis. 


Lalor Faculty Awards in Biology 


The Lalor Foundation has announced 
details of the 40 awards that it is offer- 
ing to college and university faculty 
members for research in the biological 
sciences for the summer of 1958. Studies 
employing chemistry or physics may be 
carried on at any institution of the award 
holder’s choice. The upper age limit for 
appointment is 40 years. 

The awards will usually not exceed 
$900 for a single man or woman, $1100 
for a married man working at his home 
institution, and $1250 for a married man 
whose principal program is at another 
institution. Transportation and other ex- 
penses are not covered. 

In recent years the foundation has 
maintained a number of postdoctorate 
summer fellowships at the Marine Bio- 
logical Laboratory at Woods Hole, Mass. 
With the consolidation of these fellow- 


ships into the present program, it is sug- 
gested that those interested in work at 
M.B.L., and eligible under the Lalor fac- 
ulty summer award plan, should submit 
applications under this newer program. 
Completed applications must be received 
before 14 January 1958 by the Director 
of the Lalor Foundation, 4400 Lancaster 
Pike, Wilmington 5, Del. 


ONR Astronomy Program 


The Office of Naval Research has an- 
nounced support for research in astron- 
omy for the year June 1958—June 1959. 
Grant applications must be submitted by 
15 December. Ten copies of each pro- 
posal will be required. They should in- 
clude a full description of the project 
and a cost breakdown and should be ad- 
dressed to the Chief of Naval Research, 
Department of the Navy, Washington 25, 
D.C., Attention: Code 410. Letters of 
recommendation will be helpful in ap- 
praising the proposals and should be sent 
by the writers directly to the above ad- 
dress. 


Scientists in the News 


ROBERT W. WISSLER, who first 
joined the University of Chicago faculty 
in 1941, has been named chairman of the 
university’s department of pathology. He 
succeeds PAUL R. CANNON, who re- 
tired on 30 Sept. Wissler has conducted 
extensive research on immunity and how 
it is affected by diet and irradiation. He 
has also shown that animals can form 
antibodies to destroy cancerous tissue. 


The American Heart Association’s 
1957 Howard W. Blakeslee awards for 
outstanding reporting in the field of heart 
and circulatory diseases are as follows. 

LEONARD ENGEL, free-lance 
writer, for his series of five articles on 
cardiac surgery published by the North 
American Newspaper Alliance, 1-6 Dec. 
1956. 

WALTER BAZAR, for his series of 
six articles entitled “New Hope for Your 
Heart,” reporting on progress in research 
and advances in the treatment of cardio- 
vascular diseases, including heart surgery. 
This series was published in the New 
York Journal-American during the week 
of 16 Dec. 1956. 

DON DUNHAM, for his spot news re- 
port on the first “stopped heart” opera- 
tion, which involved the use of a drug to 
make the heart motionless during surgery 
while the patient’s blood was circulated 
by means of a heart-lung machine. The 
operation was performed at the Cleve- 
land Clinic. Dunham’s news story was 
published on 16 Apr. 1956 in the Cleve- 
land Press. 

STEVEN M. SPENCER, for an arti- 
cle entitled, “They Repair Damaged 
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Hearts.” The article, published in the 7 
Apr. 1956 issue of the Saturday Evening 
Post, gave a comprehensive review of ad- 
vances in heart surgery. 

“Robert Montgomery Presents,” for 
the television program, “The Long Way 
Home,” a 1-hour dramatization telecast 
over NBC-TV on 26 Mar. 1956. The 
program dramatized the experiences of 
a man who suffered a heart attack and 
his subsequent recovery. 

Each of the winners received an honor- 
arium of $500. The contest year, during 
which entries must have been published 
or broadcast, runs from 1 Mar. to 28 Feb. 
Entries for next year’s competition must 
be submitted by 1 May 1958. 


W. PALMER DEARING, who has 
been serving as deputy surgeon general 
of the U.S. Public Health Service for the 
past 9 years, has been appointed to the 
newly created post of assistant director 
for health in the Office of Defense Mobil- 
ization. He is succeeded as deputy sur- 
geon general by JOHN D. PORTER- 
FIELD, former assistant surgeon general. 


EDWARD L. GINZTON, professor 
of applied physics and electrical engi- 
neering at Stanford University, will re- 
ceive the Morris Leibmann Memorial 
Prize at the national convention of the 
Institute of Radio Engineers in New 
York next March. He is being honored 
“for his creative contribution to the gen- 
eration and useful application of high 
energy at microwave frequencies.” Ginz- 
ton, director of the Microwave Labora- 
tory at Stanford, is at present conducting 
research in Geneva, Switzerland, while 
on a year’s sabbatical leave. 


NICHOLAS METROPOLIS, who 
has been a leader in the development and 
construction at Los Alamos Scientific 
Laboratory of the computers known as 
Maniac I and Maniac II, has left Los 
Alamos to accept a joint appointment in 
the University of Chicago’s physics de- 
partment and Enrico Fermi Institute for 
Nuclear Studies. He will be professor of 
physics and director of the computer lab- 
oratory, where he plans to develop and 
build a third high-speed digital com- 
puter. 


WILLIAM L. LEHMANN has been 
appointed head of the physics depart- 
ment, Air Force Institute of Technology 
at Wright-Patterson Air Force Base, 
Ohio. He succeeds WILLIAM J. 
PRICE, who has become senior professor 
of physics at the institute. 


CARL R. ROGERS has been ap- 
pointed professor of psychology in the 
department of psychology, College of 
Letters and Science, and in the depart- 
ment of psychiatry, Medical School, at 
the University of Wisconsin. 
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RICHARD L. MASLAND, professor 
of neurology and psychiatry and head of 
the neurology program at the Bowman 
Gray School of Medicine, has been ap- 
pointed assistant director of the National 
Institute of Neurological Diseases and 
Blindness, Bethesda, Md. 


Rear Admiral HYMAN G. RICK- 
OVER, United States Navy, a leader in 
the planning of the nuclear submarine 
Nautilus, has won the $8000 Interna- 
tional Communications Prize. The prize 
is awarded annually during the Christo- 
pher Columbus celebrations in Genoa, 
Italy. Rickover was cited for “his pre- 
cious and stubborn work, despite techni- 
cal and organizational difficulties, to 
demonstate and practically employ a nu- 
clear generator in sea navigation propul- 
sion.” 


KENNETH W. COOPER, formerly 
professor of biology and chairman of the 
department at the University of Roch- 
ester, has been appointed distinguished 
research professor of biology at the Uni- 
versity of Florida, Gainesville. A cyto- 
geneticist and investigator of insect be- 
havior, Cooper will contine his researches 
in these areas. 


WILLIAM G. POLLARD, executive 
director of the Oak Ridge Institute of 
Nuclear Studies, will be awarded an hon- 
orary doctor of divinity degree by Grin- 
nell College on 27 Oct. Pollard is both 
a physicist and an Episcopal priest. 


The Franklin Institute presented the 
following awards during its annual Medal 
Day ceremonies on 16 Oct.: 

WILLARD F. LIBBY, commissioner, 
U.S. Atomic Energy Commission; REGI- 
NALD J. PIGOTT, consulting enginner 
of Pittsburgh, Pa.; and ROBERT A. 
WATSON-WATT, radiophysicist of 
Thornhill, Canada, each received a Cres- 
son Medal. 

JOHN B. JOHNSON, head of the 
physics department, McGraw-Edison 
Company, West Orange, N.J., received 
the Longstreth Medal. 

DAVID B. STEINMAN, consulting 
engineer of New York, N.Y., received 
the Levy Medal. 

The Association of American Rail- 
roads, through its president, WILLIAM 
T. FARICY, received the Henderson 
Medal. 

WARREN W. CARPENTER, re- 
search consultant of Winter Park, Fla., 
and the Martin Company, through its 
vice president for manufacturing, G. T. 
WILLEY, each received a Wetherill 
Medal. 

PIER L. NERVI, architect-engineer 
of Rome, Italy, received the Brown 
Medal. 

WILLIAM G. PFANN, metallurgist 
for Bell Telephone Laboratories, Murray 


Hill, N.J., received the Clamer Medal. 

ROBERT M. PAGE, associate direc- 
tor of research for electronics at the U.S. 
Naval Research Laboratory, Washington, 
D.C., and LEO C. YOUNG, electronics 
consultant at NRL, each received a Bal- 
lantine Medal. 

HUGH S. TAYLOR, dean of the 
graduate school and David B. Jones pro- 
fessor of chemistry at Princeton Univer- 
sity, received the Franklin Medal. 


Recent Deaths 


RALPH S. BROMER, Philadelphia, 
Pa.; 71; professor emeritus of clinical 
pathology in the Graduate School of 
Medicine at the University of Pennsyl- 
vania; author of many books on bone dis- 
eases and radiology; 25 Sept. 

FRAZIER GROFF, Bound Brook, 
N.J.; 62; chemist; assistant director in 
the Bakelite Company’s development fa- 
cility; formerly with Union Carbide Cor- 
poration in Cleveland; 11 Sept. 

LLEWELLYN HEARD, Hammond, 
Ind.; 56; lecturer on science and a tech- 
nical associate in the research depart- 
ment of the Standard Oil Company; 
noted for his lecture program on “Fire 
Magic”; 27 Sept. 

LOREN C. HURD, Union, N.J.; 52; 
research chemist; president and director 
of the Metals Disintegrating Company, 
Inc.; on University of Wisconsin chem- 
istry faculty, 1925-36; 28 Sept. 

RUDOLPH MATAS, New Orleans, 
La.; 97; pioneer in vascular surgery who 
invented the “Matas operation” for treat- 
ment of enlargement of the veins and 
arteries; for 30 years chief of surgery in 
the Touro Infirmary, New Orleans; presi- 
dent of the International Society of Sur- 
geons; the highest award in vascular sur- 
gery is named in his honor; 23 Sept. 

GEORGE MERRILL, Brooklyn, 
N.Y.; 74; internist and allergist; asso- 
ciate professor of medicine at the Long 
Island College of Medicine; director of 
medicine at Caledonian Hospital in 
Brooklyn for 32 years; 27 Sept. 

DAVID A. MYERS, San Francisco, 
Calif.; 82; pioneer in aviation medicine; 
co-inventor of the turn-and-bank indica- 
tor now used in all aircraft; 24 Sept. 

OTTO RAHN, Rehoboth Beach, Del.; 
76; professor of bacteriology at Cornell 
University, 1927-49, and then at Idaho 
State College until 1954; 26 Sept. 

KARL SCHMIDT, Homewood, III.; 
68; specialist on reptiles; curator emeritus 
of the Chicago Natural History Museum; 
24 Sept. 

DAVID SPENCE, New York, N.Y.; 
research chemist who developed impor- 
tant processes in the rubber field; direc- 


tor of research and development for the , 


B. F. Goodrich Company in Akron, Ohio, 
and a cofounder of the Norwalk Tire 
and Rubber Company in Norwalk, Conn. 
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Volatile Saturated Aliphatic 
Aldehydes in Rancid Fat 


A great deal of attention has been given 
in recent years to the isolation and iden- 
tification (1) of aldehydes, ketones, and 
dicarbonyls in food and natural products. 
These compounds are recognized as in- 
fluencing quality and flavor. Little is 
known concerning the carbonyl com- 
pounds present in rancid fats. Klose (2) 
found hexanal to be the major volatile 
carbonyl and probably the major car- 
bonyl compound in oxidized turkey fat. 
A complete qualitative determination of 
volatile saturated aldehydes in rancid tis- 
sue fats has not been previously de- 
scribed. This report deals with the iden- 
tification of volatile saturated aliphatic 
aldehydes present in rancid (3) pork fat. 

Carbonyls volatilized by steam for 22 
min from 10.0 g of mildly rendered 
(< 100°C) fat were collected in an 
excess of 2,4-dinitrophenylhydrazine in 
2N HCl. After standing overnight, the 
cloudy solution of 2,4-dinitrophenylhy- 
drazones (DNPH) was extracted with 
carbon tetrachloride and then benzene. 
Chromatography on 20-percent hydrated 
alumina (4) yielded monocarbonyl and 
dicarbonyl DNPH fractions from the 
carbon tetrachloride and a monocar- 
bonyl DNPH fraction from the benzene 
extract. The monocarbonyls from the 
carbon tetrachloride extract were sepa- 
rated into frem two to four apparently 
different classes (5) [depending on per- 
oxide values (1 to 86), temperature of 
storage, and whether the sample was 
cooked] on untreated Whatman No. 3 
filter paper by ascending development 
with a petroleum ether fraction boiling 
at 37° to 40°C. Description of the 
method of separation into classes, and 
studies of the variations in proportions 
of the classes with oxidation and process- 
ing will be reported elsewhere (6). These 
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class fractions, on the basis of their ab- 
sorption maxima in carbon tetrachloride 
of 343 to 346, 349 to 352, 360 to 365, and 
370 to 380 mu, appeared to be DNPH’s 
of saturated aldehydes, saturated ke- 
tones or a mixture, 2-enals and 2,4-di- 
enals, respectively. The dicarbonyl 
DNPH class had a maximum absorption 
at 370 to 390 mu (6, 7). 

Propanal and hexanal DNPH’s have 
been separated and identified from the 
fraction with an absorption maximum at 
343 to 346 mu. The compounds were sep- 
arated on Whatman No. 3 paper impreg- 
nated with 20 percent propylene glycol by 
ascending development with 96 percent 
Skellysolve C and 4 percent methanol, 
a rapid, new method for separating C, 
to C,, DNPH’s of saturated aliphatic al- 
dehydes (8). Similarly, methanal and 
ethanal DNPH’s were separated and 
identified in the monocarbonyl fraction 
from the benzene extract. This fraction 
was also found to contain acetone and 
methyl ethyl ketone DNPH’s. Ethanal 
DNPH was isolated in two polymorphic 
forms. These were identified by com- 
parison with two forms from a low-melt- 
ing preparation of authentic ethanal 
DNPH (8). 

Identification was made by compari- 
son of Ry values with those of authentic 
derivatives, nonseparation on filter paper 
when mixed with authentic derivatives, 
maxima in carbon tetrachloride, fading 
rate in alcoholic alkali (8) of major 
maxima at 430 to 434 mp, and a disap- 
pearing secondary maximum at 520 mu 
which distinguishes saturated aldehyde 
DNPH’s from saturated ketone and 
2-enal DNPH’s (9). 

Screening of the other monocarbonyl 
DNPH fractions gave no indication of 
other saturated carbonyls. In the samples 
of rancid fat examined thus far, satu- 
rated carbonyl compounds with a carbon 
chain greater than six do not appear to 
be present. The chances of such com- 
pounds being mixed with other carbonyl 
classes seem remote since authentic 
higher-molecular-weight saturated com- 
pounds added to the monocarbonyl frac- 
tion separated only in the saturated class. 
Therefore, the separation of monocar- 
bonyls into classes (6) is remarkably pre- 
cise. The second monocarbonyl fraction 
with maximum at 349 to 352 mp, which 
was at first thought to be a saturated 
keione or a mixture of classes, is evi- 


dently a separate class. Six components 
were found in this class; these appeared 
to be C, to C,, carbonyls. Their spectral 
properties did not agree with any of the 
classes studied by Jones et al. (9); the 
absence of secondary maxima indicated 
unsaturation, but the major maxima were 
intermediate between saturated carbonyl 
and 2-enal DNPH’s. It is tentatively sug- 
gested that they may be unconjugated 
unsaturated compounds such as have 
been detected in milk fat (10). The 
2-enal class had five components and the 
2,4-dienal class had three components 
that were apparently C, to C,, com- 
pounds. 

In a sample of unheated rancid pork 
fat (peroxide 86), the saturated alde- 
hydes had the following proportions; 93.6 
percent hexanal, 5.8 percent propanal, 
0.4 percent ethanal, and 0.2 percent 
methanal. The saturated aldehyde class 
is the major one in uncooked rancid tis- 
sue fat. Heating at 165°C, which ap- 
proximates the temperature of cooking, 
produces large increases in total car- 
bonyls (11), monocarbonyls, and the 
proportion of the conjugated unsaturated 
classes (6). Ethanal, propanal, and hex- 
anal were identified as saturated com- 
pounds lost during cooking. The pre- 
dominance of saturated carbonyls in un- 
heated fat is therefore considerably modi- 
fied when the fat is cooked. Methanal 
was not detected in cooked fat tissue. 

A. M. Gappis 
Rex 
Eastern Utilization Research and 
Development Division, Agricultural 
Research Service, Beltsville, Maryland 
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Additional Trace Element Analyses 
of Standard Granite G-1 
and Standard Diabase W-1 


More and more investigators have been 
reporting on their analyses of various 
trace elements in the standard granite 
G-1 and standard diabase W-1 which 
have been described by Fairbairn et al. 
(1) and Ahrens (2) and distributed by 
the U.S. Geological Survey. The meth- 
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Table 1. Determination of some trace ele- 
ment concentrations in standard granite 
G-1 and standard diabase W-1 compared 
with the data of Smales (5). The limit of 
detection for Pb, Sn, Ni, Co is about 2 
parts per million. 


Concentration (ppm) 


Element w-l Gl 
This This 
report Smales report Smales 
. 105 22 
n.d.* 48 
n.d,* n.d.* 
125 180 
110 73 n.d.* 1.0 
41 49 n.d.* 2.1 


* The element was sought but not detected at the 
level of sensitivity stated above. 


ods of analysis include emission-spectro- 
graphic, chemical, x-ray fluorescence, iso- 
tope-dilution, and neutron-activation 
techniques. Of these, the last two gen- 
erally are considered to be less suscepti- 
ble to systematic errors caused by matrix 
effects or contamination. 

This paper reports preliminary results 
obtained for several trace elements by an 
emission-spectrographic technique which 
utilizes the buffering action of calcium 
carbonate, The results on standard gran- 
ite G-1 and standard diabase W-1 are pre- 
sented in Table 1 and are meant to add 
to the accumulating data on these rocks. 
I make no spectacular claims for ac- 
curacy for the elements listed. I feel that 
the technique employed may be satisfac- 
tory in eliminating the effects of varying 
matrices. This technique has proved to 
be successful in the analysis of the trace 
alkaline-earths which are particularly 
sensitive to matrix composition (3). The 
method has the additional advantage 
that it can be extended to a wide range 
of geologic materials ranging in compo- 
sition from pure silicates through cal- 
careous shales to limestones. 

Standards were made by mixing the 
metal oxides of the elements to be sought 
in varying amounts in an albite base. 
The silicate was then mixed with an 
equal amount of analytical grade calcium 
carbonate (4) which was free of the ele- 
ments investigated. Correction was made 
for the high lead content of the albite 
(90 parts per million). Otherwise, the 
albite was also free of the elements to 
be sought. 

The procedure of analysis is briefly the 
following: Five milligrams of each sam- 
ple are weighed accurately to within 3 
percent on a Roller-Smith torsion bal- 
ance and arced to completion at 16 amp 
(d-c arc) in deep-cratered electrodes to 
avoid spattering. Kodak SA No. 1 plates 
are used. A set of standards is run in 
triplicate on each plate, and working 
curves are constructed directly by calcu- 
lating the intensity of the line of the ele- 
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ment sought (with proper background 
corrections). No internal standard is 
used. The precision in most cases can be 
expressed as a coefficient of variation of 
10 for a wide range of concentrations. 
The coefficient of variation increases, 
however, with decreasing concentration 
to about 25 for the range around 10 parts 
per million and lower. This is a common 
feature of emission-spectrographic analy- 
sis. 

Comparisons are made in Table 1 for 
Ni and Co between the values obtained 
by the technique described above and 
those of Smales (5), who used the 
method of neutron-activation analysis. It 
is seen that agreement is not complete 
for these few samples. It is probably true 
that neutron activation yields more ac- 
curate results, but it is important to have 
all the variously determined data avail- 
able. The accuracy of a technique can- 
not be established by comparisons of one 
or two samples. Turekian, Gast, and 
Kulp (3) use a method of assessing the 
accuracy of an emission-spectrographic 
technique for strontium determination 
when compared with isotope-dilution 
analyses. They had seven different rocks 
to compare. 

The reasons for discrepancies in the 
values reported for standard granite G-1 
and standard diabase W-1 among the 
various investigators and techniques can 
conveniently be broken down in the fol- 
lowing manner: (i) errors in the analy- 
ses of G-1 and W-1 due to systematic 
errors (due to matrix effects) inherent 
in the scheme of analysis and requiring 
radical revision of the method to insure 
accurate results; (ii) errors which are 
due to ephemeral mistakes such as faulty 
standard preparation, and so forth, which 
may give poor results for the one or two 
samples analyzed. If many samples were 
compared, then certainly these mistakes 
would be discovered and rectified; (iii) 
the possibility of the inhomogeneity of 
the standard rock powders distributed. 
Certain trace elements have associations 
with particular minerals; hence any vari- 
ation in the relative amounts of the lat- 
ter will be reflected in the former; (iv) 
the “accurate” techniques of isotope di- 
lution and neutron activation are also 
susceptible to systematic errors though of 
a different kind from those to which the 
emission-spectrographic or x-ray tech- 
niques are susceptible. 

In light of the above situation, two 
suggestions can be made regarding the 
reporting of comparison analyses. First, 
the analyst using the emission-spectro- 
graphic or x-ray fluorescence technique 
should exercise caution in his claims for 
accuracy when he is dealing with com- 
plex materials such as rocks. Such claims 
as those of Hower and Fancher (6) for 
accuracy cannot go unchallenged where 
there are marked discrepancies between 


their values and those of other reputa- 
ble analysts using matrix-sensitive tech- 
niques. In addition, there are serious dis- 
crepancies with available neutron-activa- 
tion values that have been reported by 
Smales (5). 

Second, it is obvious that comparisons 
to test accuracy and permit interlabora- 
tory standardization must be made on 
more than two samples. In the cases of 
standard granite G-1 and standard dia- 
base W-1, only one figure may be avail- 
able for comparison, as in the case of 
Pb, Co, and Ni, because the other rock 
is below the limit of detection for the 
emission-spectrograph and x-ray fluores- 
cence methods. Hence no real judgment 
can be made of the validity of a tech- 
nique of analysis even with the avail- 
able comparisons with neutron activa- 
tion or isotope dilution values. 

Kart K. TurexiaAn 
Department of Geology, 
Yale University, 
New Haven, Connecticut 
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Potentiation by Ouabain of 
Contractile Response of 
Myocardium to Glucose 


Ouabain increases the rate of oxida- 
tion of C-labeled glucose to CO, by 
dog heart slices respiring in Krebs- 
Ringer phosphate medium, but is with- 
out effect on the oxidation of pyruvate 
(1). The significance of this observation 
with respect to the positive inotropic ac- 
tion of the drug is unknown, for no stud- 
ies with contracting cardiac preparations 
have been reported. We have investi- 
gated the effect of ouabain on the con- 
tractile response of isolated rat ventricle 
strips to glucose and pyruvate and have 
obtained results which bear upon the 
afore-mentioned observations (2). Glu- 
cose is relatively ineffective by compari- 
son with pyruvate as an energy source 
for rat myocardium in phosphate me- 
dium (3), and an increased rate of oxi- 


dation of the former might be expected . 


to increase the ability of this substrate 
to support contractile activity. 
Strips prepared from the right ven- 
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Table 1. Effect of ouabain on contractile response of rat myocardium to glucose and 


pyruvate. 
Percentage of initial amplitude* 
Ouabain 
Substrate concn. ‘Minutes after addition of substrate 
mM 
( ) 0 5 10 30 60 

Glucose 0 Ga)+., 4922. 3645 40+5 51+8 59+8 
Glucose 0.034 (7) 50+4 57+9f¢ 60+9f 74+ 6t 81+6ft 
Pyruvate 0 (8) 50+3 61+9 76414 105410 11149 
Pyruvate 0.034 (6) 51+4 68+8 79+10 97+10 97+14 
Substrate-free 

control 0 (7) 48+3 41+3 3343 
Ouabain control 0.034 (6) 50+1 4444 40+5 30+5 19+4 


* Mean values + standard deviation. + No. of experiments in parentheses. } Significantly different from 
response to glucose in absence of ouabain [p < 0.01 (¢ test)]. 


tricle of the rat heart were stimulated 
in substrate-free phosphate medium at 
27°C until the force of contraction had 
declined to approximately 50 percent of 
the initial amplitude (3). Ouabain was 
added at this point and, after the posi- 
tive inotropic action had subsided to the 
50-percent level, the substrate under in- 
vestigation was added. The response was 
compared with that of strips to which 
substrate was added at the 50-percent 
level in the absence of cardiac glyco- 
side. Ouabain increased the force of con- 
traction to approximately 75 percent of 
the initial amplitude; the force de- 
clined again to the 50-percent level in 
approximately 15 minutes. This tran- 
sient increase in the force of contraction 
produced by ouabain appeared to be re- 
lated to depletion of endogenous sub- 
strates and was in marked contrast to 
the prolonged positive inotropic effect 
that occurred when the cardiac glycoside 
was added to slightly hypodynamic prep- 
arations (91 percent of the initial ampli- 
tude) or to ventricle strips that had 
become hypodynamic after prolonged 
contraction in a medium containing glu- 
cose. (The positive inotropic response at 
37°C has been reported in a previous 
communication, 4.) 

The responses of the ventricle strip 
to 5.5 mM glucose in the presence and 
absence of ouabain are shown in Table 
1. A noteworthy difference is seen in the 
immediate response, with a marked de- 
pression of force within 5 minutes in the 
absence of ouabain in contrast to the 
steady increase occurring in the presence 
of the drug. Although the force of con- 
traction subsequently began to increase 
slowly in the absence of ouabain, the 
value attained at the end of the experi- 
mental period was still considerably less 
than that attained in the presence of the 
drug. On the other hand, a steady in- 
crease in force which was not influenced 
significantly by previous exposure to oua- 
bain occurred following the addition of 
2 mM pyruvate. Results similar to those 
with pyruvate were obtained with 2 mM 
6-hydroxybutyrate (16 experiments). 
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The fact that glucose was much more 
effective in sustaining the contractile ac- 
tivity of myocardium in the presence of 
ouabain than in its absence is in accord 
with Wollenberger’s findings (1). It 
seems clear that the conversion of glucose 
to pyruvate is affected in view of the fail- 
ure of the drug to alter the contractile 
response to pyruvate or B-hydroxybuty- 
rate, or the rate of oxidation of pyruvate 
(1). This finding provides support for 
the view that the positive inotropic ac- 
tion may be based, at least in part, on 
an increased energy production by the 
heart. 

Davi A. BERMAN 
T. Masuoxa 
Paut R. SAUNDERS 
Department of Pharmacology, School of 
Medicine, University of Southern 
California, Los Angeles 


References and Notes 


1. A. Wollenberger, Science 113, 64 (1951); 
Naunyn-Schmiedeberg’s Arch. exptl. Pathol. u. 
Pharmakol. 219, 408 (1953). 

2. This investigation was supported by research 
grants (H-94 and H-1999) from the National 
Heart Institute, U.S. Public Health Service, 
and was aided by facilities supplied by the 
Allan Hancock Foundations. 

3. D. A. Berman and P. R. Saunders, Circulation 
Research 3, 559 (1955). 

4. D. T. Masuoka and P. R. Saunders, Proc. Soc. 
Exptl. Biol. Med. 74, 879 (1950). 


12 July 1957 


Isolation and Propagation 
of Rabbit Kidney 
Epitheliallike Ceils 


Simplification and refinement of tis- 
sue-culture procedures during the last 
few years have greatly aided viral re- 
search studies. Scherer, Syverton, and 
Gey (1) have discussed the need for 
established cell strains which will sup- 
port the cultivation of viruses. It is the 
purpose of this report (2) to describe 
the successful isolation and propagation 
of a new cell type derived from rabbit 
kidney tissue (strain RbK). The strain 
is of potential interest because of its pos- 


sible susceptibility to poliomyelitis and 
other viral agents. 

On 28 Nov. 1956, both kidneys were 
removed from an adult, female, New 
Zealand white rabbit. The capsules were 
removed and minced kidney cortex (1 to 
2 mm fragments) was prepared in Dul- 
becco’s phosphate-buffered saline (3). 
The fragments were washed repeatedly 
with buffered saline until a clear super- 
natant was obtained. A cell suspension 
was prepared from the minced tissue 
according to the simplified method de- 
scribed by Bodian (4). Minced tissue 
was treated with 0.25 percent trypsin in 
Hank’s balanced salt solution for a total 
of 24 hours at 5°C and washed twice 
with balanced salt solution, and the cells 
were resuspended in 5 ml of growth me- 
dium. The latter consisted of Eagle’s 
basal medium prepared in Hank’s bal- 
anced salt solution, 20 percent rabbit 
serum and 20,000 units of pencillin, 5 
mg of dihydrostreptomycin, and 5000 
units of mycostatin per 100 ml. One- 
tenth-milliliter amounts of undiluted 
cell suspension and of a 1/10 dilution 
were added to 0.9 ml of growth medium 
in Leighton tubes; tube cultures were set 
up in triplicate. In addition, 1 ml of 
undiluted cell suspension was added to 
4 ml of medium in each of two culture 
flasks with a surface area of approxi- 
mately 24 cm?. All cultures were incu- 
bated at 37°C. Seventy-five percent of 
the culture fluid was renewed every third 
day. 

Microscopic examination of the cul- 
tures showed that many cells had ad- 
hered to the glass during the first 72 
hours of incubation. However, it was ob- 
served that growth progressed at a slow 
rate and was not stimulated by renewal 
of nutrient fluid. A predominance of 
spindle-shaped cells was seen in all cul- 
tures, and the cells were not in close ap- 
position. 

Ten days after the initial planting, the 
cells in the flask cultures were resus- 
pended at 37°C in 5 ml of Hank’s bal- 
ance salt solution containing 0.25 percent 
trypsin, centrifuged at 600 rev/min for 
10 minutes, and the supernatant was dis- 
carded. After resuspension in 5 ml of 
growth medium, the cells were trans- 
ferred to clean, sterile flasks and returned 
to the incubator. No enhancement of 
growth was observed following this treat- 
ment, and the individual cells continued 
to appear spindle-shaped. On the eighth 
day the medium was discarded from the 
culture flasks and replaced with growth 
medium containing 5 percent bovine em- 
bryo extract. The cultures received a 75- 
percent renewal of nutrient fluid with 
embryo extract every third day. 

Within a week a marked growth re- 
sponse and alteration in cytology were 
noted. The cells became polyhedral, and 
populations of contiguous cells were es- 
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tablished in the flasks. Hematoxylin- and 
eosin-stained preparations of cells grown 
on coverslips in culture tubes showed 
round or oval basophilic nuclei with nu- 
merous mitotic figures and large amounts 
of cytoplasm (Fig. 1). 

The dramatic change in the appear- 
ance of the cells after 5 days in medium 
containing bovine embryo extract (23rd 
day of cultivation) suggested to us that 
the extract definitely influenced cell 
transformation. A culture of the origi- 
nal spindle-shaped cells which was not 
exposed to embryo extract did not show 
a change in cell type and was, eventually, 
discarded on the 41st day of cultivation. 
In a recent publication by Westwood, 
Macpherson, and Titmuss (5) the au- 
thors discuss various phases of cell type 
change. They note that in their cultures 
of embryo rabbit kidney tissue, fibro- 
blasts were always present when trans- 
formation occurred. Transformation oc- 
curred spontaneously between the 26th 
and the 65th day of cultivation and 
could not be induced by any specific 
factors in the preliminary treatment of 
the tissues or in the treatment of the 
cells at subculture. 

Our strain of rabbit kidney cells was 
serially subcultured in Eagle’s basal me- 
dium containing 5 percent embryo ex- 
tract and 20 percent rabbit serum for a 
total of 118 days. At this time, two out 
of four cultures were transferred to the 
same medium but without the addition 
of embryo extract. It was found that the 
epithelial cell type remained unchanged 
after repeated passage in the absence of 
extract; therefore, the use of embryo ex- 
tract was discontinued. At the present 
time, the cells are being cultivated in 
Eagle’s basal medium, as is described at 
the beginning of this report. The RbK 
cells have undergone 37 successful pas- 
sages in this laboratory and have been 
grown in quantity without difficulty. Sta- 


Fig. 1. Stationary culture of rabbit kidney 
epitheliallike cells from the fourth subcul- 
ture in medium containing bovine embryo 
extract. Hematoxylin-eosin (x 160). 
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tionary cultures grow as well as rotated 
cultures. 

The susceptibility of the RbK strain 
to several viruses is being investigated. 
Preliminary results with poliovirus are 
encouraging. This agent has been grown 
serially in RbK cells through several 
transfers with titers comparable to those 
obtained in monkey kidney. Further- 
more, it causes a cytopathology which 
manifests itself by an early clumping of 
the cells (1 to 3 days), followed by their 
rapid and complete sloughing off the 
glass (3 to 5 days) (6). 

Rut M. Drew 
Medical Department, Brookhaven 
National Laboratory, Upton, New York 
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Isotope Effects in 
Gas-Liquid Chrematography 


In view of the widespread use of gas- 
liquid partition chromatography, it 
seems timely to draw attention to the 
considerable changes in retention volume 
which may result from extensive substi- 
tution of deuterium or tritium for hy- 
drogen in organic compounds. Such 
isotope effects, while they increase the 
difficulty of identifying labeled com- 
pounds, provide a measure of the rela- 
tive vapor pressures of the isotopic com- 
pounds and may, therefore, be used to 
estimate the number of tritium atoms per 
molecule of a substance that is present in 
trace quantities. 

Figure 1 shows the separation of cyclo- 
hexane and cyclohexane-d,, (1) peaks 
obtained at 53°C with a 4-meter didecyl 
phthalate column and a flow rate of 45 
ml (STP) of helium per minute, using a 
Perkin-Elmer vapor fractometer (model 
154). The number of theoretical plates 
was calculated (2) to be about 2400. The 
ratio of the “apparent” retention volumes 
(3), was 1.80+0.01; 
this is equal to the ratio of the vapor 
pressures (4) at 53°C, pp/py=1.08. 
This is not unexpected, since it may be 
shown (3, p. 161) for any two substances 
that 


V'r)2= 


where p° is the vapor pressure of the 
pure solute and y is the activity coeffi- 
cient of the solute in the stationary liquid 
phase. This result indicates that the rela- 
tive vapor pressures of isotopic molecules 
can be measured by gas-liquid partition 
chromatography in other cases where the 
activity coefficients are expected to be 
equal. 

Isotope effects of similar magnitude 
have been encountered in the gas-liquid 
chromatography of tritiated substances 
present in radiochemical amounts. As 
part of an investigation of the labeled 
products formed when organic com- 
pounds are exposed to tritium gas (95), 
benzene was irradiated by beta particles 
from tritium at - 195°C. The products 
were examined using a vapor fractometer 
modified by addition of a small ionization 
chamber within the heated enclosure and 
in series with the thermal conductivity 
cell. The outputs of the thermal conduc- 
tivity cell (measuring total chemical 
product) and of the ionization chamber 
(measuring tritium) were registered si- 
multaneously on synchronized recording 
potentiometers. 

Two of the major tritiated products 
were observed to have retention volumes 
about 5 percent and 10 percent smaller 
than those of cyclohexane and of methy!- 
cyclohexane, respectively. These two 
radiochemical products were shown to be 
tritiated cyclohexane and methylcyclo- 
hexane since each was removed in the 
same proportion (for more than 50-per- 
cent removal) as the corresponding un- 
labeled compound by formation of thio- 
urea adducts (6). The magnitude of the 
isotope effect for the tritiated cyclohex- 
ane suggests that it contains an average 
of three tritium atoms per molecule. The 
presence of molecules containing smaller 
and larger numbers of tritium atoms is 
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Fig. 1. Separation of cyclohexane and* 


cyclohexane-diz by gas-liquid partition 
chromatography. 
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indicated by the observation that the 

width at half-height of the radiochemi- 

cal peak is more than twice that of the 

corresponding chemical peak (7). 
KENNETH E. WiLzBAcH 

Peter Riesz 
Argonne National Laboratory, 
Lemont, Illinois 
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Sensitivity of Hamster 
to Colchicine 


In 1952, Orsini and Pansky (/) re- 
ported that hamsters seem to possess a 
natural resistance to colchicine. They 
found that the hamster would survive 
when it was injected with dosages rang- 
ing from 0.12 to 10 mg per 100 g of 
body weight. Upon noting this work, we 
undertook an investigation to discover 
the lethal dosage for the hamster and to 
note any gross effects that might occur 


Young mature males 10 to 12 weeks of 
age were used for the entire series. The 
animals were deprived of food for 24 
hours before injection but were allowed 
water at liberty. The weights, dosage, 
and subsequent history of the animals 
were recorded, and all animals were in- 
jected intraperitoneally in the morning. 

Several animals were injected with 
dosages up to 10 mg/100 g of body 
weight, and no outward effects of the 
drug were noted. At the 15-mg level, 
slight paralysis and loss of weight were 
observed. The dosage was increased to 
30 mg and increased by 10-mg steps 
thereafter. With the 30- and 40-mg dos- 
ages, all animals displayed slight paraly- 
sis in the rear quarters, drowsiness, in- 
ability to maintain equilibrium, and a 
marked loss of weight. The severity of 
these symptoms increased with increased 
dosages. When given 50 to 70 mg/100 g 
of body weight, the majority of the ani- 
mals went into a coma preceded by 
paralysis and surges of transient tetany, 
from which they did not recover. One 
of the animals that received 50 mg and 
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two of those that received 60 mg dis- 
played severe nasal hemorrhages before 
death. No diarrhea or bloody stools were 
present, as has been reported for the rat 
(2). The results are recorded in Table 1. 

On autopsy, pinpoint hemorrhages 
were present on the small and large in- 
testines. Histological sections were made 
of the small intestines to observe any 
mitotic variation. In all cases there was 
a marked increase in the number of meta- 
phase figures and an absence of spindle 
fibers in many cells. 

Eleven males which survived the pre- 
vious treatment were kept to observe any 
latent effects that might develop. The 
animals were checked, weighed, and 
placed with females in heat many times 
during the following 6 months. The 
males that received the 50- and 60-mg 
dosages never regained the tremendous 
weight lost, and two of the animals that 
received 60-mg dosages died within 3 
months. Animals of these groups were 
hypersensitive and unsure of balance, as 
if their nervous or muscular system, or 
both, had been affected. Animals of the 
groups that received 30- and 40-mg dos- 
ages appeared normal and regained most 
or all of the weight lost. 

None of the 11 males which received 
from 30 to 60 mg/100 g of body weight 
mounted a female, but all would go 
through the preliminary actions of breed- 
ing. However, males that received a dos- 
age of 15 mg/100 g of body weight were 
fertile. Six months after the beginning 
of the experiment, the animals were sac- 
rificed. In the two that had received 
60-mg dosages, the following conditions 
were noted: the liver adhered to the dia- 
phragm, the intestines were adhered to 
themselves and to the body wall, and the 
testes were approximately one-half of 
normal size. In the other groups, adhe- 
sions were not as evident and occurred 
only among the intestinal loops. 

Histologically, the testes of these ani- 
mals showed a conspicuous absence of 
secondary spermatocytes, spermatids, 
and spermatozoa. In many instances all 
cell types were sloughed in clumps into 
the lumen of the tubules. The secondary 
spermatocytes, spermatids, and sperm 
were completely absent in about one- 
third of the tubules of the groups that 
received 60 mg dosages but ranged to 
near normal in the group that received 
30 mg dosages. 

From the data given it is evident that 
the lethal dosage of colchicine for the 
hamster is approximately 70 mg/100 g 
of body weight. The presence of paraly- 
sis and the loss of consciousness indicate 
that the effects of colchicine on the ner- 
vous system are the main factor causing 
death. Colchicine will cause an arrest of 
cell mitosis in the metaphase stage in 
the hamster. In other work (3) the fol- 


Table 1. Survival of hamsters following 
administration of various dosages of col- 
chicine. 


Deaths 


Dosage 
Time val 
(hr) 
30 4 4 
40 4 1 27 3 
50 5 1 30 3 
1 45 
60 8 1 2 5 
1 3 
1 108 
70 8 3 0.5 0 
2 2 
2 3 
1 45 
75 5 2 0.5 0 
2 2 
1 3 


lowing is shown: (i) the effect of colchi- 
cine on the mitotic index of the crypts of 
Liberkiihn at the 1 mg/100 g dosage 
level; (ii) the optimal dosage for maxi- 
mal arrested metaphases; (iii) dosages 
that inhibit reproduction in the female; 
(iv) dosages that cause resorption of the 
fetuses in late pregnancy (4). 
Cuartes L. TurBYFILL 
A. L. SopERWALL 
Department of Biology, 
University of Oregon, Eugene 
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Alpha-Rhythm Responsiveness 
in Normal, Schizophrenic, 
and Brain-Damaged Persons 


Routine examination of electroenceph- 
alographic records does not show that 
the electroencephalograms of  schizo- 
phrenics differ in any consistent man- 
ner from those of normal patients (/). 
However, more active electroencephalo- 
graphic techniques which introduce ex- 
perimental variables in order to test for 
electroencephalographic changes hold 
more promise. Berger (2) long ago noted 
that sensory stimulation produced alpha 
blocking among normal persons. Later, 
Liberson (3) reported less reduction in 
alpha activity in response to light (a flash 
every 2 seconds) among catatonics than 
among psychoneurotics. Mundy-Castle 
(4) has emphasized the usefulness of 
more rapid photic stimulation, capable 
of producing alpha driving (increased 
amplitude or change in frequency) for 
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Table 1. Alpha responsiveness to stimulation. 


Number responding to stimulus 


Group Photic Syn- 
Visual Auditory Rest 
10-sec 20-sec 40-sec y 
Normals 22 6 22 19 18 18 10 
Schizophrenics 28 3 26 28 20 22 13 
Brain-damaged 11 1 7 9 6 8 ) 


relating abnormal electroencephaiograms 
to deviation in behavior. Consistent with 
Liberson’s observation of reduced re- 
sponse in psychotics, Rubin (5) has 
found fewer slow-wave responses to hy- 
perventilation among psychotics than 
among normals. 

In a preliminary paper (6), I have 
described observations of consistent im- 
agery and electroencephalographic dif- 
ferences in response to photic stimulation 
among schizophrenic, normal, and brain- 
damaged persons. Schizophrenics resem- 
bled organics and differed from normal 
subjects in their reduced responsiveness 
in the production of patterns, colors, and 
depth movement aspects of visual images. 
Both patient groups reported fewer felt 
emotions accompanying stimulation and 
imagery than did normals. In addition, 
schizophrenic and brain-damaged pa- 
tients failed to show as much change in 
alpha rhythm, either blocking or drive, 
in response to photic stimulation as did 
the normal subjects. 

The present research (7) has concen- 
trated on repeating—with more ade- 
quate instruments and samples—the ob- 
servations on_ electroencephalographic 
response to stimulation. The problem 
was to test the hypothesis that schizo- 
phrenics will resemble brain-damaged 
patients in their failure to show normal 
responsiveness of the alpha rhythm to 
visua!, auditory, and photic stimulation. 
The sample consisted of 24 normal 
subjects (mean age, 38), 20 schizophren- 
ics on tranquilizing drugs (mean age, 
39), 20 schizophrenics not on tranquiliz- 


Table 2. Chi-square categories. 


No. re- No. re- 
spond- spond- 


ing to ing to 
N Cor. or 
more 
stimu- stimu- 
lus con-lus con- 
ditions ditions 
Normals 24 11 13 
Schizophrenics 
on tranquilizers 20 3 17 
Schizophrenics 
not on tran- 
quilizers 20 4 16 
Brain-damaged 21 1 20 
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ers (mean age, 40), and 20 brain-dam- 
aged patients (chronic brain syndrome, 
mean age, 66). The two schizophrenic 
groups were roughly matched for severity 
of illness. Age matching, which would 
have been desirable (8) was not feasible 
for the organic group. 

A Grass model III electroencephalo- 
graph machine and a Grass photic stimu- 
lator were employed. Two occipital 
electrodes with a lead to the right ear 
allowed bipolar and monopolar record- 
ing. Normal resting rhythms were estab- 
lished for each subject. Each period of 
stimulation was followed by a period of 
rest. The stimulation methods and the 
duration were as follows: 1-minute of 
eyes-open visual stimulation (looking at 
pictures); 1-minute of auditory stimu- 
lation (eyes closed listening to word as- 
sociation list); 30-seconds of photic 
stimulation at 10 flashes per second; 30- 
seconds of 20 flashes per second photic 
stimulation; 30-seconds of 40 flashes per 
second photic stimulation; and 1-minute 
of synchronized photic stimulation in 
which the subject’s own alpha rhythm 
peaks served to trigger the flash. 

Records were inspected to establish 
the responsiveness of the brain waves to 
each of the six stimulating conditions. 
In addition, responsiveness (suppression) 
of alpha rhythm at the onset of each 
rest was analyzed. 

Since it has been shown (9) that the 
low reliability of judgments of electro- 
encephalograms is a major problem, a 
second judge made independent ratings 
of the records on a random sample of 12 
subjects (84 separate judgments). There 
was agreement between the two judges 
on 85 percent of the ratings. This is 
deemed satisfactory reliability. 

Table 1 presents the results, Patients 
were categorized into those showing 
alpha change (drive, blocking) in re- 
sponse to six stimulating conditions (out 
of seven possible ones, including rest) 
and those showing responsiveness to less 
than six stimulating conditions. There 
were no significant differences between 
the groups with regard to the presence of 
normal resting alpha rhythm. The dif- 
ferences between schizophrenics on tran- 
quilizing drugs and those not on tran- 
quilizers were not significant, so the 
results obtained from these two groups 
have been combined. The Chi-square 


test was applied (see Table 2). The 
normals showed significantly greater 
alpha responsiveness to stimulation than 
did schizophrenics (P = 0.05). Normals 
showed significantly more alpha respon- 
siveness than did organics (P=0.02). 
Differences between schizophrenics and 
brain-damaged patients were not signifi- 
cant. 

Schizophrenics resemble brain-dam- 
aged patients in their lack of brain-wave 
responsiveness to stimulation. Tranquil- 
izing drugs appear to have no effect on 
responsiveness. That psychotics are often 
behaviorally unresponsive to stimulation 
has long been clinically observed. That 
their brain rhythms are now found also 
to be unresponsive is consistent with 
Pavlov’s claim that schizophrenia was a 
protective inhibition of the cerebral cor- 
tex in the face of excessive traumatizing 
bombardment with stimuli. It is also con- 
sistent with more recent findings (10) 
which demonstrate the existence of a 
reticular excitatory center important for 
arousal and behavioral response to sen- 
sory stimuli. It has been shown (11) that 
this reticular region is subject, to some 
extent, to influence from the cortex. 

One can surmise that in schizophrenia 
there are actual changes in brain func- 
tion which closely resemble the states 
produced by demonstrable pathology in 
organic patients, The changes in schizo- 
phrenics appear to consist of a reduction 
in cortical responsiveness to external 
stimulation, possibly owing to the inhibi- 
tion of afferent input in the reticular 
arousal centers. Whether or not the ap- 
parent inhibition of input in  schizo- 
phrenics represents metabolic or tissue 
pathology in the excitatory center, or 
whether it represents learned inhibition 
through cortical influence, remains un- 
known (11). 

Ricuarp H. Bum 
California Medical Association, 
San Francisco 
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Detection of Chromatographic 
Spots in Paper 


Many substances which show no fluo- 


rescence or phosphorescence at room. 


temperature do so on cooling. Accord- 
ingly, it was found that many substances 
which give no visible chromatographic 
spots do so if the paper is cooled in liquid 
nitrogen. The method of detection con- 
sists of simply dipping the paper into 
liquid N, and then viewing it in the dark 
in near-ultraviolet light. Since the paper 
itself becomes weakly phosphorescent 
under these conditions, spots can also be 
detected as dark areas if the substance in 
question quenches the phosphorescence 
of the paper. Many substances show an 
afterglow. 

If no liquid N, is available, Dry Ice 
can be used in some cases. The paper is 
placed in a glass cylinder so that it 
touches the glass. The cylinder thus 
formed by the paper is then filled with 
crushed Dry Ice, and the paper is then 
viewed without removing it from the con- 
tainer. 

This method of detection has the ad- 
vantage that it does not entail the chem- 
ical alteration of the substance to be 
tested. The color and intensity of the 
phosphorescence may help in identifica- 
tion. 

ALBERT SzENT-Gy6rRGYI 
Institute for Muscle Research, 
Marine Biological Laboratory, 
Woods Hole, Massachusetts 
9 August 1957 


Pink Discoloration in Eggs 
Caused by Sterculic Acid 


Pink discoloration of eggs during cold 
storage is associated with the feeding of 
cottonseed oil or cottonseed meal to lay- 
ing hens. This discoloration is a result 
of the combination of conalbumin of the 
white with ferrous ion of the yolk to form 
a pink complex (1). Increased perme- 
ability of the vitellin membrane allows 
diffusion of proteins and, water into the 
yolk. Reverse diffusion of the complex 
into the white accounts for the pink 
color of the white. The yolk enlarges and 
becomes apricot-colored as a result of the 
blending of the pink color with the nat- 
ural yellow of the yolk. The causative 


agent present in cottonseed has not been 
positively identified. 
Lorenz (2) first observed that the com- 


. ponent causing pink discoloration of eggs 


and the component responsible for the 
Halphen reaction (3) might be iden- 
tical. The Halphen test is used to iden- 
tify cottonseed oil since no other com- 
mon oils give a positive test. Several 
uncommon oils, such as Kapok seed oil 
and Sterculia foetida oil, are also known 
to give a positive test. Kapok seed oil 
also causes pink discoloration of eggs. 
The fatty-acid composition of S$. foetida 
oil was investigated recently. In addition 
to minor quantities of oleic, myristic, 
and palmitic acids, this oil contains a 
large proportion (70 percent) of an un- 
usual Cy, acid called sterculic acid (4). 
The structure of this acid (I) was first 
elucidated by Nunn (5). Verma et al. 
(6) disagreed with this assignment and 
proposed structure II. Other evidence 
supporting structure I has been presented 
by Faure (7, 8), who has shown also that 
pure sterculic acid gives a positive Hal- 
phen reaction (Fig. 1). 

In this laboratory S. foetida oil (9) 
has been fed to laying hens and found 
to cause pink discoloration of eggs. When 
the S. foetida oil was hydrogenated suffi- 
ciently to eliminate double bonds but not 
to disrupt the cyclopropane ring struc- 
ture, it did not cause pink discoloration. 
Six individually caged White Leghorn 
laying hens were divided into three 
groups and fed ad libitum for 15 days. 
The feed was the usual complete ration 
mixed with or without S. foetida oil in 
corn oil as follows: group I, 1.5 percent 
corn oil; group IJ, 1.5 percent corn oil 
and 0.09 percent S. foetida oil; and 
group III, 1.5 percent corn oil plus 0.09 
percent hydrogenated S. foetida oil. At 
the end of 1 month of storage, the eggs 
were opened. The eggs from groups I 
and III were all normal, while seven 
of 11 eggs from group II showed definite 
pink discoloration. 

Sterculic acid is the major constituent 
fatty acid in S. foetida oil. It is known 
that the other component fatty acids do 
not cause pink discoloration of eggs. 
Sterculic acid is, therefore, apparently 
responsible for the increase in perme- 
ability of the vitellin membrane which 
leads to pink discoloration of eggs (10). 

Note added in proof: In a subsequent 
experiment, pure sterculic acid, np?*-3 


CHs 


Fig. 1. Structures of sterculic acid proposed by Nunn (I) and by Verma et al. (II). 
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1.4632 [np?*-8 1.4643 (8)], prepared by 
the urea complex method of Nunn (5) 
was fed to White Leghorn laying hens. 
Six individually caged birds were di- 
vided into three groups and, in addi- 
tion to the basal ration, were fed daily 
by pipette the following: group I, 1 ml 
of corn oil; group II, 1 ml of corn oil 
and 0.10 g of pure sterculic acid; group 
III, 1 ml of corn oil and 0.025 g of pure 
sterculic acid. After 1 month of cold 
storage, eggs from groups II and III 
showed definite pink discoloration, while 
eggs from Group I were normal, thus 
confirming the conclusion that sterculic 
acid causes pink discoloration of eggs. 
J. C. Masson, M. G. Vavicx, 

B. W. Heywane, A. R. KEMMERER 
Department of Agricultural Biochem- 
istry, University of Arizona, Tucson, 
and Southwest Poultry Experiment 
Station, Glendale, Arizona 
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Rapid Symptoms in Seedling VII 
Sweetpotato of a Virus Always 
Associated with Internal Cork 


The rapid mechanical transmission of 
a virus (1) consistently associated with 
sweetpotato cork virosis to Scarlett 
O’Hara morning glory (2) opened up a 
new approach to study of this virus by 
reducing the incubation period from 
about a year on sweetpotato to a week 
on the morning glory. This discovery 
posed the possibility of finding a sweet- 
potato plant that would respond as 
promptly as the morning glory with dis- 
tinctive symptoms to the same method 
of inoculation. 

After numerous transmission experi- 
ments in 1955, there was no doubt that 
the same mechanical technique trans- 
mitted the virus from sweetpotato or 
other suscepts to the various sweetpotato 
varieties and seedlings under test, but 
the expression of symptoms in sweet- 
potato was poor, and the incubation 
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period was longer than a month. Be- 
sides, the rapid indexing technique re- 
vealed that practically all the sweet- 
potato varieties in our collection were 
virus-contaminated. This was checked 
and verified by the “flush of growth” 
technique in the greenhouse and by the 
“surge of growth” technique in the 
field (3). 

In the search for a satisfactory sweet- 
potato indicator plant, the first problem 
was to find virus-free clones. Since prac- 
tically all the commercial sweetpotato 
varieties are virus-infected, the next step 
was to examine and study seedling 
clones. Seeds of the Porto Rico-type 
sweetpotato were obtained from the 
Agricultural Experiment Stations of 
Louisiana and Georgia for this purpose. 
Thirty such seedlings tested in 1955 
were found to be virus-free, but none 
was satisfactory as an indicator plant. 

In 1956 over 300 seedlings were pro- 
duced and tested. The seeds were from 
open-pollinated Porto Rico plants grown 
in Louisiana and Georgia. To expedite 
this work, we used only graft transmis- 
sion, Of several methods of grafting, the 
“chip-bud” method (4) was found to be 
superior and it was adopted as standard 
practice in these studies. Again, all the 
seedling clones were found to be virus- 
free. 

In two experiments involving 129 seed- 
ling clones, one designated as clone VII 
(from seed from Louisiana) exhibited 
clear-cut chlorotic spot leaf symptoms 3 
weeks after it had been grafted with dis- 
eased buds; in contrast, longer periods 
were required for all other clones of seed- 
lings and of the named varieties that 


Fig. 1. Chlorotic spot symptoms of a virus 
associated with internal cork on sweet- 
potato clone VII (bottom) 24 days and 
(top) 12 days after mechanical inocula- 
tion by the rapid transmission method. 
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Fig. 2. A stab-graft at the end of 24 days. 
The graft was of a healthy clone VII 
shoot on a diseased Porto Rico root. 
Chlorotic spot symptoms had begun to 
show on the new growth 17 days after 
grafting. 


were tested. The clones had been grown 
for 2 months in 4-in. pots and then 
pruned back to eight nodes and trans- 
planted to 6-in. pots at the tme of 
“chip-bud” inoculation. 

Following this discovery, a third ex- 
periment was set up involving clone VII 
and a mechanically inoculated Scarlett 
O’Hara morning glory check, both repli- 
cated five times. Chip-buds were placed 
at the third nodes, and the sweetpotato 
plants were pruned back to the fourth 
nodes to stimulate a spurt of growth. 

Chlorotic spots appeared on the new 
growth from the buds in the axils of node 
4, beginning on the seventh day and be- 
coming more distinctive later. Figure 1 
illustrates these symptoms on the 12th 
and 24th days. The mechanically inocu- 
lated Scarlett O’Hara check also showed 
typical vein-banding mottle on the sev- 
enth day and vein-clearing by the 12th 
day. 

Another experiment compared the 
merits of the graft and mechanical meth- 
ods of inoculation of clone VII, with 
Scarlett O’Hara as a check, when dis- 
eased clone VII was used as the source 
of inoculum. The grafted plants showed 
symptoms on the seventh day, as in the 
previous experiment, but clone VII and 
Scarlett O’Hara, when inoculated me- 
chanically, showed no symptoms until 
the 11th day. The delay in symptom ex- 
pression following the latter method of 
inoculation was attributed to the prob- 
ability that sweetpotato clone VII con- 


tained less virus than did infected plants 
of Scarlett O'Hara which had been used 
in previous experiments. 

The fifth experiment tested the me- 
chanical method of inoculation on clone 
VII plants having five leaves unfolded 
and on the Scarlett O’Hara check. This 
time, three sources of cork virus were 
tested in triplicate on three conditions 
of plants of clone VII: (i) plants un- 
pruned, (ii) plants with two leaves re- 
moved, and (iii) plants with four leaves 
removed. The bottom leaf was inoculated 
in all cases. The three virus sources were 
sweetpotato clone VII, Scarlett O’Hara 
containing virus isolated from symptom- 
less Nemagold sweetpotato roots, and 
Scarlett O’Hara containing virus from 
Porto Rico roots with symptoms of in- 
ternal cork. 

On the seventh day, symptoms of vein- 
banding began to show on Scarlett 
O’Hara plants that had been inoculated 
with inoculum 3. These symptoms be- 
came more marked with time. On the 
same day, symptoms produced by in- 
oculum 3 were most advanced on the un- 
pruned clone VII plant, but they were 
also present on the plant that had had 
two leaves removed. With inoculum 1, 
the Scarlett O’Hara check showed the 
first vein-banding symptoms on the 21st 
day, a week later than the appearance 
of chlorotic spots on clone VII. Thus, 
clone VII appeared to be equal to if not 
better than Scarlett O’Hara as an index- 
ing host when small amounts of inoculum 
were present. In all cases, the shock of 
removal of all but the inoculated leaf 
(the standard procedure for Scarlett 
O’Hara) interfered with early symptom 
expression on clone VII. The removal 
of two leaves caused a short delay in 
symptom expression. The unpruned clone 
VII plants, with five leaves, were in a 
good growth status for the prompt ap- 
pearance of symptoms. 

Clone VII has been found valuable in 
other studies on internal cork. Scions of 
clone VII, when stab-grafted (5) into 
suspected diseased sweetpotato roots, 
demonstrated the presence of virus by 
positive chlorotic spot symptoms on the 
first new scion growth (Fig. 2). Clone 
VII also proved to be excellent for use 
in insect transmission experiments. It 
served just as well as Scarlett O’Hara 
in aphid transmission studies (6). 

In conclusion, these studies revealed 
clone VII (a sweetpotato seedling from 
open-pollinated Porto Rico seed from 
Louisiana) as an excellent indicator 
plant or indexing host for the virus as- 
sociated with internal cork whether used 
in mechanical, graft, or insect transmis- 
sion experiments, 

E. M. HitpeBranp 
Crop Research Division, Agricultural 
Research Service, U.S. Department of 
Agriculture, Beltsville, Maryland 
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References and Notes 


1. The virus under investigation is one that has 
been found constantly associated with root and 
foliage symptoms of internal cork disease. This 
sweetpotato virosis received its name from the 
root symptom phase. Studies are in progress 
to determine the relationship of associated 
symptoms such as leafspot, chlorotic spot, 
ringspot, chlorotic ringspot, purple ringspot, 
feather, and oak-leaf with the typical root 
symptoms. 

E. M. Hildebrand, Sceince 123, 506 (1956). 

, Phytopathology, in press. 

. A chip of diseased stem tissue with a bud in 
the middle, and measuring about '% in. in 
length, was removed with a sharp razor blade 
and transplanted to an identical position on 
the healthy plant stem. It was held in place by 
a Yy-in. strip of Stericrepe rubber. 

5. With a scalpel, vertical stab wounds are made 
in the upper end of a sweetpotato root. The 

root is bedded upright in sand. Into each wound 
a snug-fitting, wedge-shaped scion is inserted. 
The scions usually establish vascular connec- 
tions in 7 to 10 days. 

6. E. M. Hildebrand, in preparation. 
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Bone Crystallites 
as Observed by Use of 
the Electron Microscope 


In 1949 Wolpers (1) observed, by use 
of an electron microscope, that the min- 
eral portion of bone consists of needle- 
shaped crystals 30 to 60 A wide and 400 
to 1000 A long. However, later electron 
microscopic studies by Robinson e¢ al. 
(2) indicated that bone crystals are hex- 
agonal platelets having average dimen- 
sions of 500 A long by 250 A wide by 
100 A thick. Robinson’s concept has been 
accepted by most workers in this coun- 
try for several years. In 1953 Schwarz 
and Pahlke (3) interpreted electron mi- 
crographs to indicate that the calcareous 
(mineral) deposits in bone are spindle- 
shaped particles 150 to 1300 A long. 
From 1953 to 1957 Finean and Engstrom 
(4) presented evidence from x-ray dif- 
fraction studies indicating that bone con- 
tains rod-shaped, apatite crystallites 40 
to 75 A wide and about 200 A long. Re- 
cently, Fernandez-Moran and Engstrom 
(5, 6) observed a predominance of rod- 
or needle-shaped apatite particles 30 to 
40 A wide and about 200 A.long in elec- 
tron microscopic studies of undecalcified 
bone sections (human, rat, hen, and 
fish). 

Electron microscopic studies of bone 
have been made in this laboratory (7). 
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Sections (6 pw thick) of frozen-dried, 
methacrylate-embedded, _undecalcified 
bone were obtained by routine methods 
(8). These were re-embedded in meth- 


* acrylate with the desired orientation and 


sectioned at 90° to the plane of the 6-p 
section. Satisfactory sections were ob- 
tained by using a diamond knife (9) in 
a Porter-Blum microtome (10). The sec- 
tions were mounted on a grid coated with 
a carbon membrane and examined, using 
a 100-kv beam in an RCA EMU-3 elec- 
tron microscope. The thickness of the 
sections was nominally 250 A. However, 
for best results it was.necessary to study 
selected areas which may have been 
somewhat thinner than the average sec- 
tion thickness. 

Inspection of many sections of normal, 
mature, cortical bone,taken from humans 
and dogs showed an abundance of rod- 
shaped particles situated in groups or 
bundles in the plane of the section (Fig. 
1). In other sites they appeared to be 
less regularly arranged, probably because 
of their oblique orientation. From con- 
siderations of relative densities, these are 
considered to be the inorganic crystal- 
lites. These crystallites were about 50 A 
thick and ordinarily 600 to 700 A long. 
Occasionally longer (about 1200 A) and 
frequently shorter (down to 200 A) par- 
ticles were seen. Because the lengths of 
the particles may be several times the 
thickness of the section, it is apparent 
that the significance of these values (es- 
pecially the smaller ones) is open to 
question until a method can be devised 
to demonstrate that the particle lies in, 
and not oblique to, the plane of the sec- 
tion, The volume occupied by the min- 
eral component, from considerations of 
ash weights and densities of the organic 
and mineral components, is approxi- 
mately 40 percent, a figure which is gen- 
erally compatible with the appearance of 
these electron micrographs. The remain- 
der of the volume is composed of areas 
of lower electron density in which the 
periodic banding that is typical of col- 
lagen fibers could sometimes be ob- 
served. 

More recently it has been possible to 
section unembedded cortical bone, thus 
allowing examination shortly after sacri- 
fice of the animal and without previous 
chemical treatment. Preliminary studies 
of such sections have shown structures 


Fig. 1. Electron micrograph of a section 
of undecalcified cortical bone from the 
mid-shaft of the femur cf an adult dog. 
The section shown is parallel to the long 
axis of the bone. 


indistinguishable from those described 
above for sections embedded in meth- 
acrylate. 

These electron micrographs are inter- 
preted to show that the crystallites of 
bone are rod- or needle-shaped structures 
and not hexagonal platelets as reported 
by Robinson et al. (2). Fernandez-Moran 
and Engstrom (6) reported evidence of 
fine structure within these rod-shaped 
particles. However, our studies so far 
have failed to support this observation. 
Currently we are investigating the rela- 
tionship of these crystals to the organic 
fibers of bone. 

Tuomas W. SpECKMAN 
P. Norris 
Division of Biological and 
Medical Research, Argonne National 
Laboratory, Lemont, Illinois 
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Automation in Business and Industry. 
Eugene M. Grabbe. Wiley, New York; 
Chapman & Hall, London, 1957. 611 
pp. Illus. $10. 


In the spring of 1955, an engineering 
extension course on automation was held 
by the University of California. This con- 
sisted of a series of lectures by eminent 
scientists, engineers, and industrialists. 
It proved to be a success, and conse- 
quently the lectures, some 70 in all, have 
now appeared in book form. 

The book has all the advantages and 
disadvantages of its origin. Many of the 
individual contributions are fresh and in- 
formative—each facet of the subject is 
treated with authority by an acknowl- 
edged expert. On the other hand, they 
are uneven in length, depth, comprehen- 
sibility, and importance; there is much 
repetition. In spite of, and partly be- 
cause of, the lack of coherence inherent 
in such a compilation, an excellent im- 
pression is given of the complexity and 
rapid growth of the subject. 

The term automation is not one which 
marks precisely the limits of a particular 
field of development. This can be seen 
from the attempts of quite a number of 
the authors of the essays which comprise 
the book to define it in accordance with 
their own conceptual needs. In the pres- 
ent instance the bias is toward computer 
and feedback control, but there is very 
little left in the book of the original 
“Detroit” automation concept, based es- 
sentially on the transfer machine. 

The term automation has now been 
accepted internationally, even if grudg- 
ingly. In Europe, where the subject is at 
present fashionable, there is hardly a 
speaker on the subject who does not begin 
his lecture by deploring the word, both 
for its linguistic impurity and for its lack 
of precise meaning; yet no alternative 
has been seriously proposed. 

There are many, too, particularly 
among the engineers, who dismiss auto- 
mation as heing overdramatized and not 
new. This may be so, but there is a really 
substantial rate of development and there 
is great industrial interest in each of the 
three main groups of technical advance 
which loosely comprise automation—re- 
fined mechanization, automatic control, 
and the use of electronic computers; 
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what is not yet clear is how quickly it 
will be possible to integrate these three 
streams of progress to provide a fully 
automatic production system. 

The present book, while it pays lip 
service to the fuller concept of automa- 
tion, naturally—since it is the work of 
specialists—concentrates on the compo- 
nent advances and does so clearly and 
well, For example, there is an excellent 
summary by John L. Bower of the devel- 
opment of digital control of machine 
tools, while Dean E. Wooldridge, in dis- 
cussing the “future of automation,” 
points out the lessons to be learned from 
military electronics and weapons-system 
experience. There are excellent descrip- 
tions, too, of analog and digital computer 
developments, of data processing, and of 
instrumentation, process, and industrial 
control. The sections on the petroleum 
and chemical industries, by C. G. Laspe, 
describe clearly how significant the ap- 
plication of these methods has already 
become. He goes a little too far, per- 
haps, in his introduction, where he states 
that “automation has been the key to the 
rapid growth of the present-day process 
industries.” Surely this is more true in 
reverse; it has been the high state of sci- 
ence and technology in the chemical and 
petroleum industries and the develop- 
ment of continuous processes and of long 
runs of production which have favored 
development of advanced instrumenta- 
tion and feedback control, much to the 
benefit of industry as a whole. 

It is becoming increasingly clear that 
we are now at a stage in technological 
advance at which fundamental scientific 
knowledge and the existence of tech- 
niques in electronics and other fields 
should make great and dramatic advance 
possible in the near future. As Simon 
Ramo says in the first chapter of the 
book: “‘There are scores of aids to busi- 
ness and industry and transportation that 
present technological art is capable of 
providing, without a single new discovery 
in basic science. It would be possible to- 
day on the basis of known pure science 
to design devices that could displace a 
very large fraction of the white-collar 
workers.” Again, at the end of his essay, 
he writes, “Perhaps the most glaring 
shortcoming of today’s art is our lack of 
quantitative understanding of human 


beings as part of a complete system which 
includes both the machine and_ the 
human being.” 

Herein lies the real problem of auto- 
mation. The basic science exists in suffi- 
cient degree to produce completely new 
patterns of industry; engineering skills 
are available (although scarce) to exploit 
the new possibilities, but men are not yet 
sufficiently aware of the nature of the 
changes and of the adjustments which 
will have to be made. The real problem 
of automation is this individual and so- 
cial comprehension. The increasing com- 
plexity of automation is, in particular, a 
challenge to management, from whom is 
demanded a knowledge of, or at least a 
familiarity with, problems of vastly dif- 
fering nature—economic, engineering, 
and human. We know far too little about 
the changes that automation will bring 
to the industrial and social structure, but 
they will certainly be profound, and evi- 
dently rapid and healthy progress can be 
made only if technical, economic, social, 
and educational facets are dealt with as 
a whole. Automation is thus an excellent 
pilot example of the rapid technical 
change which is characteristic of our age. 
The problems it brings will, to a large 
extent, be common to other types of ad- 
vanced technical innovation, including 
atomic energy. It is important, therefore, 
that they should be studied, 

The present book recognizes these 
wider problems but devotes little atten- 
tion to them. As an account of the indi- 
vidual techniques which are creating 
true automation, it is, however, excellent 
and is to be widely recommended. 

ALEXANDER 
European Productivity Agency, Paris 


Isotopic Tracers in Biology. An intro- 
duction to tracer methodology. Martin 
D. Kamen, Academic Press, New 
York, ed. 3, 1957. xii+474 pp. Illus, 
$9.50. 


This is the third edition of a work 
which was first published in 1947 under 
the title Radioactive Tracers in Biology. 
In the intervening 10 years the use of 
tracers has become commonplace, and 
the literature, even in a specific field 
such as biology, has become so volumi- 
nous that the author has made no at- 
tempt to produce an exhaustive survey 
of the field. In selecting more recent 
work, Kamen judged the pedagogic val- 
ue of the study, rather than its novelty, 
as a criterion for inclusion in the text. 

Among the significant changes in the 
new edition are the inclusion of chapters 
on stable isotope tracers and a revision 
of the early sections dealing with the 
physics of the nucleus and the chemistry 
of radioactive ions. Specific parts of this 
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volume dealing with biochemical appli- 
cations have been greatly extended. The 
third edition also contains a series of very 
useful appendixes, the one on chroma- 


tography being particularly noteworthy ° 


in its detailed description of the use of 
autoradiographic techniques as a means 
of augmenting the information that can 
be obtained from the original paper 
chromatogram. 

HerMAN YAGODA 
National Institute of Arthritis 
and Metabolic Diseases 


Report of the Conference on Recent 
Developments in Cloud-Chamber and 
Associated Techniques. Comprising 
collected papers of the conference held 
under the joint auspices of the Physi- 
cal Society of London and University 
College, London, March 1955. N. 
Morris and M. J. B. Duff, Eds. Uni- 
versity College, London, 1956. 227 pp. 
Illus. 30s. 


This volume is composed of the papers 
presented at the Conference on Recent 
Developments in Cloud-Chamber and 
Associated Techniques, held in London 
in 1955. There are 46 papers, plus re- 
ports of six discussion sessions. The re- 
ports cover the following variations of 
cloud chambers: diffusion, multiple 
plate, high pressure, fast cycling, and 
pure vapor. Problems of measurement 
and interpretation of tracks and appa- 
ratus for reprojection and measurement 
were discussed in one of the sessions 
(five papers). Circuits, counters and 
apparatus used for counter-controlled 
operation, and other peripheral matters 
are taken up in a number of papers. The 
bubble chamber, which was quite new 
on the scene at the time the conference 
was organized, was accorded a short 
presentation. However, because of the 
rapidity with which the development of 
this device has proceeded in the last few 
years, the material given in the report 
can now be considered to be only an in- 
troduction to the subject.: Most of the 
authors are from laboratories in England, 
but there is a good representation from 
the United States and other countries. 

It would be pretentious to try to rate 
the contents of the volume—its contribu- 
tors constitute a large fraction of all the 
practicing experts in the cloud-chamber 
business, and itis therefore authorita- 
tive by definition, As in any report of a 
conference, the value of the written ver- 
sion depends on the care with which the 
manuscripts were prepared and assem- 
bled—the standard set by the editors. In 
the preparation of this volume, the edi- 
tors are to be commended. They have 
been thorough in gathering the pertinent 
written material, references, and discus- 
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sion. What is even more commendable 
in a work of this kind, they have made 
sure that the graphs and pictures are ac- 


‘ companied by full captions. 


In the volume at hand we have with- 
out doubt the most complete statement 
existing on the art of cloud chambers. It 
is so complete, in fact, that one cannot 
help wondering, with a little nostalgia, 
if this will be the treatise to end trea- 
tises on the subject. In the past decade 
or more we have seen large sections of 
the area of usefulness of the cloud cham- 
ber taken over by the counter, the pho- 
tographic emulsion,, and the bubble 
chamber. It is easy to extrapolate and 
think that possibly before very long the 
displacement will be complete. There 
are, however, at least two areas which 
come to mind in» which the cloud 
chamber still holds its position: (i) 
counter-controlled operation (preexpan- 
sion tracks), especially as applied to the 
study of cosmic rays, and (ii) the study 
of low-energy particles, particularly 
where it is desired that the tracks be 
long enough so that their curvatures in 
a magnetic field can be measured. Bubble 
chambers at present cannot be counter- 
controlled because no way has been 
found to produce expansion within the 
lifetime of the activation produced by 
the moving particle, and they are not 
suited to the study of low-energy par- 
ticles because of the high stopping power 
of the liquid. Photographic emulsions 
obviously cannot be counter-controlled, 
and they have limitations similar to those 
of the bubble chainber where low-energy 
particles are concerned. These examples 
are enough to show that, in spite of a 
narrowing of the field, there do remain 
applications for the cloud chamber which 
are not challenged by the other tech- 
niques. Perhaps, therefore, the present 
excellent volume of reports does not have 
to be considered a swan song. 

Everyone working with cloud cham- 
bers or concerned with the interpretation 
of cloud-chamber results will find the 
volume very interesting and valuable. 

H. R. Crane 
University of Michigan 


Psychological Aspects of Aging. Proceed- 
ings of a Conference on Planning Re- 
search, Bethesda, Md., April 24-27, 
1955. John E. Anderson, Ed. Ameri- 
can Psychological Association, Wash- 
ington, D.C., 1956. 323 pp. $2. 


This is a significant book which can be 
read with profit not only by those specifi- 
cally interested in problems of aging but 
also by graduate students and others en- 
tering research in any field of scientific 
psychology or the social sciences. The 
conference which it reports was held 


under the auspices of the American Psy- 
chological Association and was financed 
by the National Institute of Mental 
Health. Its purpose was to survey the 
field of possible research on aging that 
might be made by different branches of 
psychology. 

The book begins with the text of the 
opening address by J. H. Sheldon, who 
was at the time president of the Inter- 
national Congress of Gerontology and to 
whose untiring efforts to foster interna- 
tional cooperation in this field, the in- 
vitation to give this address was a fitting 
tribute. The papers which follow are 
divided into five sections. The first deals 
with personality changes during the adult 
years and their relation to social adjust- 
ment. The second considers the nature 
of, and means of assessing, age changes, 
mainly from a psychophysiological stand- 
point. The third section outlines the more 
strictly psychological studies of changing 
ability, measured in the main by so-called 
“mental” tests. The fourth section dis- 
cusses problems of training and educa- 
tion in the light of changes, with age, in 
the capacity to learn and of shifts in the 
pattern of motives brought by older peo- 
ple to their tasks. The fifth section is a 
consideration of age changes as they 
affect employability. There follows a 
masterly summary and ordering, by the 
editor, of proposals for future research 
raised by the other contributors. 

As is evident from the scope of the 
various sections, the papers are repre- 
sentative of many different branches of 
psychology, and their scientific quality 
varies with that of the branch from which 
they have come. Almost all are, however, 
of high standard within their own fields. 

The book as a whole would seem to be 
important for four reasons. First, it 
makes clear that psychological studies of 
aging during the adult years are now de- 
veloped to a point at which they merit 
serious attention, both from psychology 
generally and from other branches of 
science. 

Second, the papers as a whole provide 
an accurate view in research terms, with- 
out sentimental distortions, of the field 
as it must be considered by psychologists 
intending to enter it. Anyone who has 
attempted the difficult task of doing re- 
search on aging will know that a man 
often takes 2 or 3 years to become ori- 
ented and to begin making his own con- 
tribution. The present book should en- 
able him to form a quick appraisal of 
the kind of work that has been done and 
of the areas in which contributions are 
now required, and thus it should give 
him a flying start and a better perspec- 
tive than his predecessors have enjoyed. 

Third, there is a repeated insistence 
on the need to view aging as a continu- 
ous process over the whole life-span. 
Most discussion in the past has been con- 
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cerned with the limited problems of old 
people past retirement age. The contribu- 
tors here give reasons for emphasizing 
that this period of life is but one part of 
a continuous development and that stud- 
ies are therefore needed throughout the 
adult years as a complement to the exten- 
sive knowledge we already possess of 
childhood and adolescence. 

Fourth, and perhaps most important, 
the outlook of the contributions makes 
them a concise example of a tendency in 
psychological thought which is returning 
to prominence after some years of relative 
disfavor. The statements have a certain 
refreshing directness and “elegance” in 
their approach to the study of human be- 
havior. The sterile arguments of so-called 
“learning theory,” the doctrinaire half- 
truths of the “schools,” the panacea 
treatments of “systems,” and the high- 
sounding, empty technical terms often 
found in psychological writings are con- 
spicuous by their absence. 

The book is essentially a guide to 
future work rather than a record of past 
findings. It is like a stiff aperitif which 
promises a fine meal to follow. How far 
this will be realized depends, as more 
than one contributor pointed out, on the 
provision of research support. I venture 
to disagree with the editor when he sug- 
gests that this can well be given in the 
form of short-term grants. Research on 
aging will attain the standards and the 
quality of mind displayed by the contri- 
butions to the present symposium only if 
substantial permanent opportunities are 
accorded for work in this field. 

A. T. WELFoRD 
Cambridge University 


Ageing in Industry. An Inquiry, Based 
on Figures. Derived from Census Re- 
ports, into the Problem of Ageing 
under the. Conditions of Modern In- 
dustry. F. Le Gros Clark and Agnes 
C. Dunne. Philosophical Library, New 
York, 1956. 150 pp. $7.50. 


As stated in the subtitle of the book, 
this is “an inquiry into the problems of 
ageing under the conditions of modern 
industry” in Great Britain. The purpose 
of the study is to determine, as far as 
possible, the number of workers physi- 
cally able to continue in their various oc- 
cupations beyond their middle . 60’s. 
Tables on age and occupation published 
in the Census Reports for 1921, 1931, 
and 1951 are the basis for the study. 
Thirty-two occupations were selected 
for analysis. These included about 25 
percent of the male workers in 1951. 
Most of the report is devoted to a de- 
tailed study, from the viewpoint of the 
older worker, of the occupations and of 
a representative number of modern in- 
dustries. 


The concluding chapter groups the 
occupations according to percentage: of 
“survival rates.” These represent the per- 
centage of men considered to be physi- 
cally capable of remaining at their accus- 
tomed occupations into their late 60’s 
and beyond. These findings are qualified 
on the basis of conditions prevailing in 
modern industry and do not presume to 
reflect new methods which could make 
a profound difference. 

The report has been written on a prac- 
tical level and provides an interesting 
comparison of a wide variety of occupa- 
tions, conditions of work, and oppor- 
tunities for modifying the work process 
and the retirement practices. While few 
positive conclusions are drawn, challeng- 
ing possibilities have been revealed 
which can lead to a growing appreciation 
of the capabilities of the older worker. 

C, Fires 
Special Staff on Aging, U.S. Department 
of Health, Education, and Welfare 


Limited War. The Challenge to Ameri- 
can Strategy. Robert Endicott Osgood. 
University of Chicago Press, 1957. 
xi+315 pp. $5. 


Robert E. Osgood, in Limited War, 
undertakes to cast some light on the 
problem which currently confronts 
American leadership—namely, if the 
present nuclear stalemate has made 
total war less likely, how does one limit 
and fight the wars which may still oc- 
cur? He attempts to do this primarily 
by the use of historical material, some 
old and some very recent. While main- 
taining that Americans traditionally have 
been pacific yet pugnacious, he states 
that we have never understood the proper 
relationship of power to policy or, in 
Clausewitzian language, how to use the 
military as an instrument of national 
policy. The Communists, on the other 
hand, have an excellent understanding 
of the relationship of means to end, or 
of force to policy. The theme of this 
book is the power-policy relationship, an 
understanding of which Osgood considers 
essential to a solution of our current 
problems. 

In a section entitled “The Lessons of 
History,” he attempts, on the basis of the 
very scanty historical research in this 
field, to show the factors which have 
limited wars in the past. He argues that 
political, social, and moral restraints ac- 
counted for the limited wars of the 18th 
and 19th centuries, the French revolu- 
tionary era excepted. Statesmen sought 
to attain only limited objectives, while 
social, economic, and technological con- 
siderations limited the capabilities of 
nations for waging war. Furthermore, no 
ideological conflicts raged, and this made 
possible a calmer approach to interna- 


tional conflicts. The 20th century saw an 
end to these old restraints and an im- 
provement in the national capacity to 
wage war. From Osgood’s account, it is 
not entirely clear to what extent the 
limitation lay in the nature of society 
and to what extent it was wilfully im- 
posed by enlightened statesmen. 

This book is primarily concerned with 
events that occurred and problems that 
arose after World War II. The author 
accepts the containment of communism 
as a valid national objective but states 
that more than the concept of massive 
retaliation is necessary for its achieve- 
ment. The Indo-China crisis is cited to 
show the shortcomings of this concept as 
an instrument of policy as well as to re- 
veal the difficulties of waging limited 
war in that area. The Korean war—an 
agonizing experience in limited war for 
the United States—is discussed at some 
length, but the analysis of the reasons 
for its limitation is superficial and dis- 
appointing. 

While the book provides many help- 
ful insights and asks pertinent questions, 
it leaves the reader feeling a bit frus- 
trated. The questions do not probe as 
deeply as they might, and there is too 
much superficial treatment of important 
aspects of the problem. The notes reveal 
that the author might well have read 
more than he did of the appropriate 
civilian and military periodical litera- 
ture on the subject. However, this is a 
courageous and useful work on a very 
complex subject. 

Grorce K. TANHAM 
Rand Corporation 


Miscellareous Publications 

(Inquiries cd cerning these publications should be 
addressed, nv, to Science, but to the publisher or 
agency spontring the publication.) 

Beach Egosion Board, Bulletin. vol. 11, 
No. 1. 62 pp. Effect of Bottom Roughness 
on Wind Tide in Shallow Water. Tech. 
Memorancim No. 95. 31 pp. Factors Af- 
fecting Durability of Concrete in Costal 
Structures. Tech. Memorandum No. 96. 
50 pp. Hurricane Wave Statistics for the 
Gulf of Mexico. Tech. Memorandum No. 
98. 95 pp. Laboratory Study of the Effect 
of an Uncontrolled Inlet on the Adjacent 
Beaches. Tech. Memorandum No. 94. 19 
pp. Beach Erosion Board, Corps of Engi- 
neers, Washington 25, 1957. 

Bibliography of Medical Reviews. vol. 
2. National Library of Medicine. Public 
Health Service, Washington, 1957 (order 
from Supt. of Documents, GPO, Wash- 
ington 25). 111 pp. $0.60. 

A Review of the Rockfishes of Cali- 
fornia (family Scorpaenidae). State of 
California, Fish Bull. No. 104. Julius B. 
Phillips. Department of Fish and Game, 
Marine Fisheries Branch, 1957. 158 pp. 

Specific and Infraspecific Delimitation. 
Cc. G. G. J. Van Steenis. Botanic Garden 
of Indonesia; Foundation Flora Male- 
siana, c/o Rijksherbarium, Leyden, Hol- 
land, 1957. $2.50. 
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Meetings and Societies 


American Bacteriologists 


The 57th general meeting of the So- 
ciety of American Bacteriologists was 
held 28 Apr.—2 May at the Sheraton- 
Cadillac and Statler hotels in Detroit, 
Mich. The attendance was approxi- 
mately 2000, and 420 individual papers 
were presented in addition to numerous 
symposiums and round tables. 

The meeting opened with a general 
address by A. A. Mossel (Utrecht, the 
Netherlands) on “The science of the 
interrelation between food and micro- 
organisms.” On the second day a sym- 
posium on “Microbial aerosols and re- 
spiratory infections” was convened by 
LeRoy D. Fothergill (Fort Detrick, 
Md.). Techniques and equipment were 
described and illustrated which make 
possible the exposure of experimental 
animals to aerosols of highly infectious 
organisms with complete safety to oper- 
ating personnel. The optimum infection 
response was confirmed to be with par- 
ticles in the size range of 1 to 5 microns 
in diameter. 

Thomas C. Grubb (Vick Chemical 
Company) presided at a symposium on 
“Antimicrobial preservatives.” Problems 
of testing the effectiveness of preserva- 
tives and selection of preservatives were 
discussed. The very timely subject of 
laboratory diagnosis of virus infections 
was covered in another symposium, con- 
vened by Gordon C. Brown (University 
of Michigan). Particular attention was 
given to the role of the public health 
laboratory in diagnosing virus diseases. 

Milo Appeleman (University of 
Southern California) led: a symposium 
on “Problems in the microbiological 
analysis of foods.” Methods of analysis, 
standards, educational aspects, sampling, 
indicator organisms, and other phases 
were discussed. Other symposiums cov- 
ered such topics as antiseptic and dis- 
infectant testing, preparation of samples 
for microbiological assay, spore germi- 
nation, and cell fragments. 

Many outstanding and _ significant 
papers were presented to the general ses- 
sions of the society. In the field of viruses, 
Cora Downs and associates (University 
of Kansas) reported the successful cul- 
tivation of Rickettsiae akari in lifeless 
medium. In a similar vein, Dean Fraser 
and H. R. Mahler (Purdue University) 
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discussed the synthesis of bacteriophage 
by protoplasts of Escherichia coli, and 
Sol Spiegelman (University of Illinois) 
reported protein synthesis by noncellular 
preparations from bacteria. The latter 
two papers were part of the symposium 
on “The role of cell fragments in met- 
abolic reactions.” 

Contact transmission of poliovirus 
among monkeys was announced by Don 
Craig (University of Michigan). Work- 
ers from Merck, Sharp and Dohme, the 
University of Southern California, and 
Parke, Davis and Company reported 
studies on measles virus which may lead 
in the near future to an effective measles 
vaccine. 

Various aspects of the use of fluores- 
cent antibodies for the identification of 
bacteria were discussed by Carrie C. 
Winter (Communicable Disease Center, 
U.S. Public Health Service, Atlanta, 
Ga.), John D. Marshall, Jr. (Armed 
Forces Institute of Pathology), and 
Charles H. Carter (Fort Detrick). The 
rapid identification of organisms of simi- 
lar morphology by means of two dyes of 
contrasting color and the use of labeled 
antirabbit globulin were described. 

A novel application of the principle 
of continuous-flow culture (chemostat) 
was reported by Leonard Zubrzycki and 
Earle Spaulding of Temple University. 
These workers were able to establish 
“steady-state” growth of human fecal 
flora and to use the method for study of 
microbial ecology. 

The cell wall of the yeast phase of 
Histoplasma capsulatum has been shown 
to be composed of chitin. This was re- 
ported in a well-documented paper by 
Edgar Ribi, Bill Hoyer, and Granville 
Goode (Rocky Mountain Laboratory, 
Hamilton, Mont.). X-ray diffraction and 
electron microscope studies showed a dis- 
tinct similarity to fibrils of regenerated 
cellulose or nylon. 

Two papers concerned with tissue-cul- 
ture techniques were of particular inter- 
est. These were the report, by Fred 
Giardinello and coworkers (Wistar In- 
stitute), of the cultivation of animal cells 
in a 5-liter fermenter and the report, by 
E. Z. Rope and associates (Parke, Davis 
and Company), of the use of tissue cul- 
ture for the assay of toxins, toxoids, and 
antitoxins. 

The Eli Lilly and Company research 


award in bacteriology and immunology 
was presented to Henry Koffler (Purdue 
University) at the annual banquet. Koff- 
ler’s work has dealt with the antibiotics 
streptomycin and circulin, the structure 
of the bacterial cell wall, the structure 
and function of bacterial flagella, and the 
mechanism of survival of bacteria at 
high temperatures. Koffler presented the 
Eli Lilly award address at a general ses- 
sion of the society. 

The 1958 meeting of the Society of 
American Bacteriologists will be held in 
Chicago. 

D. J. MercHANtT 
University of Michigan, Ann Arbor 


International Cancer Congress 


The seventh International Cancer 
Congress will be held in London, Eng- 
land, 6-12 July 1958, under the spon- 
sorship of the International Union 
against Cancer. Scientists and _physi- 
cians are invited to submit papers on 
experimental or clinical aspects of can- 
cer or on cancer control. These papers 
should represent new contributions to 
knowledge and must not have been pub- 
lished or reported previously. 

The deadline for registration without 
late fee, and also for submission of pa- 
pers, is J Jan. 1958. A preliminary pro- 
gram and application forms for regis- 
tration, submission of papers, and so 
forth, are available on request to either 
of the following: The Secretary Gen- 
eral, Seventh International Cancer Con- 
gress, 45 Lincoln’s Inn Fields, London, 
W.C. 2, England; or Dr. Harold F. 
Dorn, Secretary General, Union Inter- 
nationale Contre Le Cancer, National 
Institutes of Health, Bethesda 14, Md. 

Travel allotments of approximately 
$530 each will be available to a limited 
number of scientists and physicians re- 
siding in the United States who may 
require such assistance. This amount is 
expected to provide payment of the 
following: a special 15-day overseas 
round trip, air tourist fares; a 6-day per 
diem allowance; and reimbursement for 
registration fees. Investigators who have 
been invited to participate in one of the 
symposia prior to or following the con- 
gress may apply for additional funds. 

Applications for travel allotments 
should be submitted in sextuplet in the 
form of letters giving information on 
age, training, publications in cancer re- 
search or related fields, academic or 
professional title, and institutional affili- 
ation. These letters should be counter- 
signed by the department director or 
administrative officer. 

Applicants for travel assistance who 
are submitting papers for presentation 
at the congress must include six copies 
of an abstract (not to exceed 250 words) 
of each such paper. An applicant who 
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does not plan to present a paper should 
include six copies of an outline of cur- 
rent investigative work. Such letters, ab- 
stracts, and outlines must be submitted 
to the International Union against Can- 
cer, 2101 Constitution Ave., NW, Wash- 
ington 25, D.C. 

Applications for assistance toward 
travel expenses are entirely separate 
from the applications for registration 
for the congress and for the submission 
of papers to the Program Committee. 
All applicants will be responsible for 
their own passports, visas, registration, 
travel arrangements, and hotel reserva- 
tions. 


Forthcoming Events 


November 


13-15, Society of Technical Writers, 
natl. conv., jointly with Assoc. of Techni- 
cal Writers and Editors, New York. (A. 
M. Jupiter, P.O. Box 71, Edgewood, Md.) 
14-16. American Inst. of Mining, 
Metallurgical and Petroleum Engineers, 
semiannual, Chicago, Ill. (H. N. Apple- 
ton, AIME, 29 W. 39 St., New York 18.) 
14-16. Biology of Normal and Atypical 
Pigment Cell Growth, 4th conf., Houston, 
Tex. (M. Gordon, Genetics Lab., Ameri- 
can Museum of Natural History, New 
York 24.) 

14-16. Inter-Society Cytology Council, 
annual scientific, Augusta, Ga. (P. F. 
Fletcher, 634 N. Grand Ave., St. Louis 
3, Mo.) 

18-21. Magnetism and Magnetic Ma- 
terials Conf., Washington, D.C. (L. R. 
Maxwell, U.S. Naval Ordnance Lab. 
White Oak, Silver Spring, Md.) 

18-22. American Soc. of Agronomy, 
annual, jointly with Crop Science Soc. of 
America and Soil Science Soc. of America, 
Atlanta, Ga. (L. G. Monthey ASA, 2702 
Monroe St., Madison, Wis. ) 

18-22. Citrus Virus Diseases Conf. 
Riverside, Calif. (J. M. Wallace, Dept. 
of Plant Pathology, Univ. of California, 
Riverside. ) 

18-9. Pacific Science Cong., 9th Bang- 
kok, Thailand. (Pacific Science Board, 
National Research Council, 2101 Consti- 
tution Ave., NW, Washington 25.) 

20-22. Structure of the Nucleus, chem- 
ical research conf., Houston, Tex. (W. O. 
Millgian, Rob’t. A. Welch Foundation, 
P.O. Box 1892, Houston 1.) 

20-24, National Assoc. for Mental 
Health, annual, Atlantic City, N.J. 
(NAMH), 10 Columbus Circle, New 
York 19.) 

22. Tritium in Tracer Applications, 
symp., New York. (Symp. Committee, 
New England Nuclear Corp., 575 Albany 
St., Boston 18, Mass.) 

22. Ultraviolet Scanning Microscopy 
Symp., Philadelphia, Pa. (H. K. Schlegel- 
milch, RCA Victor TV: Div., Bldg. 204-2 
Section 219, Cherry Hill, Camden 8, N.J.) 
22-23. Tennessee Acad. of Science, 
67th annual, Memphis. (W. G. Holladay, 
Physics Dept., Vanderbilt Univ., Nash- 
ville, Tenn. ) 

25-27. American Acad. for Cerebral 
Palsy, 11th annual, New Orleans, La. (R. 
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R. Rembolt, Iowa Hospital-School State 
University of Iowa, Iowa City. ) 

25-27. Physics and Dynamics of Fluids, 
APS, Bethlehem, Pa. (F. N. Frenkiel, 
Applied Physics Lab., Johns Hopkins 
Univ., Silver Spring, Md.) 

26-28. Central Assoc. of Science and 
Mathematics Teachers, 57th annual, Chi- 
cago, Ill. (L. Panush, Henry Ford High 
School, Detroit 19, Michigan. ) 

28-29. American Physical Soc., St. 
Louis, Mo. (K. K. Darrow, Columbia 
Univ., New York 27.) 

29-30. American Soc. of Animal Pro- 
duction, annual, Chicago, Ill. (H. H. 
Stonaker. Animal Husbandry Dept., Colo- 
rado State Univ., Fort Collins.) 


December 


1-6. American Soc. of Mechanical En- 
gineers, annual, New York, N.Y. (C. E. 
Davies, ASME, 29 W. 39 St., New York 
18.) 

1-15. Bahamas Medical Conf., 4th, 
Nassau, Bahamas. (B. L. Frank, 1290 
Pine Ave., W. Montreal, Que., Canada. ) 

2-5. American Rocket Soc., annual, New 
York. (J. J. Harford, ARS, 500 Fifth 
Ave., New York 36.) 

2-5. Entomological Soc. of America, 
annual, Memphis, Tenn. (R. H. Nelson, 
ESA, 1530 P St., NW, Washington 5.) 

3-4, Human Factors in Systems Engi- 
neering, symp.,’ Philadelphia, Pa. (C. 
Fowler, American Electronic Labs., 121 
N. 7 St., Philadelphia. ) 

4-8. American Psychoanalytic Assoc., 
New York, N.Y. (J. N. McVeigh, APA, 
36 W. 44 St., New York 36.) 

4-10. American Acad. of Optometry, 
annual, Chicago, Ill. (C. C. Koch, 1506- 
1508 Foshay Tower, Minneapolis 2, 
Minn.) 

5-7. Texas Acad. of Science, annual, 
Dallas. (G. C. Parker, Education Dept., 
Texas A&M College, College Station.) 

6-7. Oklahoma Acad. of Science, an- 
nual, Enid. (J. T. Self, Dept. of Zoology, 
Univ. of Oklahoma, Norman. ) 

7-8. American Acad. of Dental Medi- 
cine, New York, N.Y. (S. Ross, 136 E. 
36th St., New York 16.) 

8-11. American Inst. of Chemical En- 
gineers, annual Chicago, Ill. (F. J. Van 
Antwerpen, AIChE, 25 W. 45 St., New 


York 36.) 
9-11. Fluorides Symp., Cincinnati, 
Ohio. (Secretary, Inst. of Industrial 


Health, Kettering Laboratory, Eden and 
Bethesda Aves., Cincinnati 19.) 

9-13. Eastern Joint Computer Conf., 
Washington, D.C. (H. H. Goode, Dept. 
of Electrical Engr., Univ. of Michigan, 
Ann Arbor.) 

9-22. Southeast Asia Soil Science Conf., 
Ist, Manila, Philippines. (I. G. Valencia, 
Bureau of Soils, P.O. Box 1848, Manila.) 

10-11. Water Quality Control for Sub- 
surface Injection, 2nd annual conf., Nor- 
man, Okla. (M. L. Powers, Extension 
Div., Univ., of Oklahoma, Norman. ) 

13-14, Association for Research in 
Nervous and Mental Disease, 37th an- 
nual, New York, N.Y. (R. J. Masselink, 
700 W. 168 St., New York 32.) 

15-18. American Soc. of Agricultural 
Engineers, Chicago, Ill. (J. L. Butt, ASAE, 
St. Joseph, Mich.) 

17-19. Nuclear Sizes and Density Dis- 


tributions Conference, Stanford, Calif. 
(R. Hofstadter, Stanford Univ., Stan- 
ford, Calif. ) 

19-21. American Physical Soc., Stan- 
ford, Calif. (W. A. Nierenberg, Univ. of 
California, Berkeley 4.) 

26-27. Northwest Scientific Assoc., an- 
nual, Spokane, Wash. (W. B. Merriam, 
Geography Dept., State College of Wash- 
ington, Pullman.) 

26-30. American Assoc. for the Ad- 
vancement of Science, annual, Indian- 
apolis, Ind. (R. L. Taylor, AAAS, 1515 
Massachusetts Ave., NW, Washington 5.) 


The following 43 meetings are being 
held in conjunction with the AAAS an- 
nual meeting. 

AAAS Acad. Conference, annual 
(Father P. H. Yancey, Spring Hill Col- 
lege, Mobile, Ala.). 28 Dec. 

AAAS Cooperative Committce on the 
Teaching of Science and Mathematics (F. 
B. Dutton, Dept. of Chemistry, Michigan 
State Univ., East Lansing). 27 Dec. 

Alpha Chi Sigma (R. L. Hicks, 1130 
E. Jefferson St., Franklin, Ind.). 

Alpha Epsilon Delta (M. L. Moore, 7 
Brookside Circle, Bronxville, N.Y.). 28 
Dec. 

American Assoc. of Hospital Consult- 
ants (J. B. Norman, 8 South Church St., 
Greenville, S.C.). 

American Astronomical Soc. (J. A. 
Hynek, Smithsonian Astrophysical Ob- 
servatory, 60 Garden St., Cambridge 38, 
Mass. ). 27-30 Dec. 

American Geophysical Union (E. M. 
Brooks, Dept. of Geophysics, St. Louis 
Univ., St. Louis 8, Mo.). 

American Medical Assoc. Committee 
on Cosmetics (Mrs. V. L. Conley, AMA, 
535 N. Dearborn St., Chicago, Ill.). 28- 
29 Dec. 

American Meteorological Soc. (K. C. 
Spengler, AMS, 3 Joy St., Boston, Mass.). 

American Nature Study Soc., annual 
(R. L. Weaver, School of Natural Re- 
sources, Univ. of Michigan, Ann Arbor). 
26-30 Dec. 

American Physiological Soc. (F. A. 
Hitchcock, Dept. of Physiology, Ohio 
State Univ., Columbus 10). 

American Psychiatric Assoc. (M. 
Greenblatt, Massachusetts Mental Health 
Center, 74 Fenwood Rd., Boston 15). 29- 
30 Dec. 

American Soc. of Hospital Pharmacists 
(G. E. Archambault, Pharmacy Branch, 
U.S. Public Health Service, Washington 
25). 

American Soc. of Naturalists (B. Wal- 
lace, Biological Lab., Cold Spring Harbor, 
Long Island, N.Y.). 

American Statistical Assoc. (V. L. An- 
derson, Statistical Lab., Purdue Univ., 
Lafayette, Ind.). 

Association of American Geographers 
(L. L. Ray, U.S. Geological Survey, 
Washington 25). 

Association for Computing Machinery 
(J. E. Robertson, Digital Computer Lab., 
Univ. of Illinois, Urbana). 

Astronomical League (W. Garnatz, 
2506 South East St., Indianapolis. ) 

Beta Beta Beta (Mrs. F. G. Brooks, 
P.O. Box 336, Madison Sq. Station, New 
York 10). 27 Dec. 

Biometric Soc., ENAR. (T. A. Ban- 
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positive 
protection 


INCINERATOR- 
FILTER 
CANISTER 


COLD 
CATHODE 
STERILAMP 
THERMOSTATIC 
CONTROL 
REMOVABLE 
HINGED 
SAFETY GLASS 
WINDOW 


INTAKE 

AIR FILTER 
OVAL 

GLOVE PORTS 
DAMPER 
CONTROL 
SLIDING DOOR 


NOW your research technicians can work 
in safety never before achieved. The Blickman 
Micro-Biological Safety Cabinet gives positive pro- 
tection from infectious micro-organisms, live virus, 
contaminated or infectious animals or radio-active 
materials used for medical or biological research. 


Constructed of heavy-duty stainless steel, the 
safety cabinet is available in 36” or 48” lengths. 


Look for this symbol of quality 


Safety 
cabinet 


for medical 
and micro-biological 
research 


Overall height of the unit is 28” and width meas- 
ures 26”. 


A feature of the Blickman cabinet is the seamless 
crevice-free, round corner construction that simpli- 
fies cleaning and decontamination. Send for Tech- 
nical Bulletin A-6 or describe your specific 
problems. Write to S. Blickman, 6910 Gregory 
Avenue, Weehawken, New Jersey. 


BLICKMAN 


LABORATORY EQUIPMENT 


HOSPITAL EQUIPMENT ¢ LABORATORY EQUIPMENT ¢ KITCHEN EQUIPMENT ¢ CUSTOM STAINLESS STEEL PRODUCTS 
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An INVERTED Microscope 


for Transparent Specimens 


Works with gravity, not against it! 


Place a jar of fluid directly on the micro- 
scope stage and examine the contents at 
magnifications up to 2000X.. The logical 
way to study protozoa, plankton and 
chemical reactions involving precipitation, 
crystallization, solubility, etc. Equally 
efficient for ordinary glass slides. Ideal for 
micromanipulator 


Model MIC — with coated objee- 
tives: 5X, 10X, 40X, 100X oil, coated eye- 
pieces: P5X, P10X, K15X; large, built-in 
120x120mm graduated mechanical stage; 
coarse and fine focusing; »illuminating 
system with transformer housed in micro- 
scope base; divisible Abbe condenser; 


glassware, “ete. 


atory Polarizing 
reoscopic Student 
leading universi- 
industrial and govern- 
laboratories. 
‘FREE 10-DAY TRIAL 
hese instruments prove: 
value to you, in your own 
UNIT! 


UN TT. of UNITED ON 
204-206 MILK STREET * BOSTON 9, MASS. 


Please send complete Microscope Catalog. 


Name 
Fi 

i Addrew 
City State - | 
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croft, Dept. of Statistics, Iowa State Col- 
lege, Ames). 

Conference on Scientific Editorial Prob- 
lems, annual (G. L. Seielstad, Applied 
Physics Lab., Johns Hopkins Univ., Silver 
Spring, Md.). 26-30 Dec. 

Conference on Scientific Manpower, 
annual (T. J. Mills, National Science 
Foundation, Washington 25). 30 Dec. 

Ecological Soc. of America (A. A. 
Lindsey, Dept. of Biological Sciences, Pur- 
due Univ., Lafayette, Ind.). 27-29 Dec. 

Metric Assoc. (J. T. Johnson, 694 West 
11 St., Claremont, Calif.). 

National Acad. of Economics and Po- 
litical Science (D. P. Ray, Hall of Gov- 
ernment, George Washington Univ., 
Washington, D.C.). 

National Assoc. of Biology Teachers, 
annual (Miss I. Hollenbeck, Southern 
Oregon College of Education, Ashland). 
26-31 Dec. 

National Assoc. for Research in Science 
Teaching (G. G. Mallinson, Western 
Michigan College, Kalamazoo). 26-30 
Dec. 

National Assoc. of Science Writers (J. 
Troan, Pittsburgh Press, Pittsburgh, Pa.). 

National Council of Teachers of Math- 
ematics (P. Peak, College of Education, 
Indiana Univ., Bloomington). 27 Dec. 

National Geographic Soc. (W. R. Gray, 
NGS, 16th and M Sts., NW, Washington 
6). 29 Dec. 

National Science Teachers Assoc. (R. 
W. Schulz, Emmerich Manual Training 
High School, 2405 Madison Ave., Indian- 
apolis 25). 26-30 Dec. 

National Speleological Soc. (Brother G. 
Nicholas, LaSalle College, 20th and Olney 
Aves., Philadelphia 41, Pa.). 28 Dec. 

Philosophy of Science Assoc. (C. W. 
Churchman, Case Inst. of Technology, 
Cleveland, Ohio). 

Scientific Research Soc. of America, 
annual (D. B. Prentice, 56 Hillhouse Ave., 
New Haven 11, Conn.). 27 Dec. 

Sigma Delta Epsilon, annual (Miss M. 
Chalmers, Dept. of Chemistry, Purdue 
Univ., Lafayette, Ind.) . 26-30 Dec. 

Sigma Pi Sigma (M. W. White, Penn- 
sylvania State Univ., University Park). 
27 Dec. 

Society for the Advancement of Crimi- 
nology (D. E. J. MacNamara, New York 
Inst. of Criminology, 40 E. 40 St., New 
York 16). 27-28 Dec. 

Society for General Systems Research, 
annual (R. L. Meier, Mental Health Re- 
search Inst., Ann Arbor, Mich.). 

Society for Industrial Microbiology, 
Washington Section (W. N. Ezekiel, Bu- 
reau of Mines, Washington 25). 

Society for Investigative Dermatology 
(H. Beerman, Univ. of Pennsylvania 
School of Medicine, Philadelphia 3). 28- 
29 Dec. 

Society of the Sigma Xi, annual (T. T. 
Holme, 56 Hillhouse Ave., New Haven 
11, Conn.). 27 Dec. 

Society of Systematic Zoology, annual 
(R. E. Blackwelder, Box 500, Victor, 
N.Y.). 26-31 Dec. 

United Chapters of Phi Beta Kappa, 
annual address (C. Billman, 1811 Q St., 
NW, Washington, D.C.). 27 Dec. 


27. Association for Symbolic Logic., 
Cambridge, Mass. (J. Barlaz, Rutgers 
Univ., New Brunswick, N.J.) 


This AIR-COOLED 
CONDENSER produces a 
HIGHER VACUUM 


@ Using air as the cooling medium, 
the Niagara Aero Vapor Condenser 
produces a higher vacuum than 
other type condensers, and with 
more enonomy of power and steam. 
It sustains its full capacity in cool- 
ing or condensing with no more 
than a nominal cooling water require- 
ment, eliminating entirely your prob- 
lems of water supply and disposal. 
It holds constant the liquid or va- 
por temperature producing always 
uniform products and giving maxi- 
mum production. 
Non-condensibles are effectively 
separated at the condensate outlet, 
with sub-cooling, after separation 
for higher vacuum pump efficiency. 
Niagara Aero Vapor Condenser 
can be mounted directly on the steel 
structure of your evaporator or dis- 
tillation column. Its operation is 
dependable; its maintenance is not 
troublesome or expensive. 


For more information write for Bulletin 129R 


NIAGARA BLOWER COMPANY 


Over 35 years of Service in Industrial 
Air Engineering 


Dept. S-10, 405 Lexington Avenue 
NEW YORK 17, N. Y. 


District Engineers 


in Principal Cities of U. S. and Canada 
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DANGER! GLASS ABSORPTION | 


. . . that’s right—when knives have been honed on the new 
automatic E & G Microtome Knife Sharpener—stropping will 
actually impair their super sharp edges! 


This instrument, the world’s finest microtome knife sharp- 
ener, was originally developed at the University of California 
at Los Angeles to meet the exacting requirements for ultra 
thin sectioning—but has proven itself even more efficient for 
routine sectioning. 

The new E & G Microtome Knife Sharpener, with its spe- 


cial, high frequency vibration honing plate, and knife holder Makers of Complete Electrophoresus Apparatus 
which automatically turns, accommodates knives up to 185 : SCIENTIFIC APPARATUS 
mm. in length. It is compact, sturdy and easy to clean, and is Klett-Summerecn . Plhotoslecisic’ Cileiaasiars— 
so automatic that it can be easily operated by your labora- Colorimeters — Nephelometers — Fluorimeters— 
tory personnel. Bio-Colorimeters — Comparators — Glass Stand- 
‘ ards—Klett Reagents. 
For further information on the unparalleled new automatic 


E & G Microtome Knife Sharpener, write to 


ERB & GRAY SCIENTIFIC 


854 S. FIGUEROA ST. LOS ANGELES 17, CALIF. 


THE NEW RSCO 


AUTOMATIC 
FRACTION COLLECTOR 


authorized 
RSCo Dealer 


Check these Beatures 


VERSATILITY 
@ Metering by Volumetric Siphoning, Timing 
or Drop Counting 


@ Operation with multiple columns or with = ae 
single column and swivel funnel ge # # $$$ 


@ 24” and 15” diam Turntables accommodating 
90 to 500 tubes of 10 to 25 mm diam 


RELIABILITY 
@ Positive indexing system 
@ Funnel drains into output container at end of run 
@ Automatic stop accessory turns off columns at end of run 
@ Motor and drive mechanism sealed against moisture 
@ Cast aluminum base with rigidly attached stainless steel column support rods for assured permanent alignment 


SPACE ECONOMY 


@ Plug-in control units for Timing and Drop Counting require no added bench space 
@ Total required bench space 24” x 34” with 24” Turntables, 15” x 25” with 15” Turntables 


cas Reco division of 
RESEARCH SPECIALTIES CO. PRICES FROM $438.00 
: => 2005 HOPKINS ST. BERKELEY 7, CALIF. 
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EQUIPMENT NEWS 


The information reported here is ob- 
tained from manufacturers and from 
other sources considered to be reliable. 
Science docs not assume responsibility 
for the accuracy of the information. All 
inquiries concerning items listed should 
be addressed to Science, Room 740, 11 
W. 42 St., New York 36, N.Y. Include 
the name(s) of the manufacturer(s) and 
the department number(s). 


™ sPECTROSCOPE, for visual spectrochem- 
ical analysis, features a solution excita- 
tion chamber with an indexing assembly 


for easy alignment of electrodes. The 
electrodes can be replaced after cleaning 
without readjustment. Thirty-nine ele- 
ments can be detected. (Fisher Scientific 
Co., Dept. S665) 


™ MIRROR GALVANOMETER, manufactured 
by Hilger and Watts Ltd., has sensitivity 
up to 2000 mm/ua. The scale image re- 
flected from the galvanometer moves be- 
low a stationary index line. A darkened 
room is not required for reading. Anti- 
vibration support is provided within the 
instrument. (Jarrell-Ash Co., Dept. 
S654) 


RUSSI 
IN COMPLETE 


ENGLISH 


RESEARCH 
TRANSLATION 


Annual subscription, 12 issues, 2000 pages 


CHEMISTRY, 800 pages, $95.00 


AGROCHEMISTRY, 11 pages, $15.00 
All these 4 units are sold 


600 pages 


ENCES—Outstanding work by the leading 
1500 pages 


AN IMPORTANT COLLECTION, 
AND 10 MAJOR CHEMICAL JOURNALS 


JOURNAL OF GENERAL CHEMISTRY—The most important journal. Theoretical and 
practical. Annual subscription, 12 issues, 3600 pages 


JOURNAL OF ANALYTIC CHEMISTRY—Top journal in this field. Organic and in- 
organic. Annual subscription, 6 issues, 800 pages 


JOURNAL OF APPLIED CHEMISTRY—Extensive applications in methods and equipment. 


CHEMISTRY SECTIONS OF THE PROCEEDINGS OF THE 
ACADEMY OF SCIENCES, USSR (DOKLADY) 


Doklady contains concise reports of the most advanced research. 
Annual subscriptions, 6 issues each. 


PHYSICAL CHEMISTRY, 500 pages, $160.00 
COLLOID JOURNAL—Physical chemistry of micro- and ultra-microheterogeneous systems 
and surface phenomena, and certain macromolecular compounds. Annual subscription, 6 issues, 


BULLETIN OF THE ACADEMY OF SCIENCES, DIVISION OF CHEMICAL SCI- 


JUST PUBLISHED 


$170.00 
$80.00 


$95.00 


CHEMICAL TECHNOLOGY, 135 pages, $15.00 


GEOCHEMISTRY, 150 pages, $15.00 
as a complete unit for $125.00 


$80.00 


members of the Academy. Ann. sub., 12 issues, 
$150.00 


Theoretical and Sundry 


. General: Reduction-Oxida- 
tion and Fischer-Tropsch 214 pages 50 
. Hydrogenation 
Dehydrogenation 
Cracking 


* Journal subscription rates quoted are for 1957. 
Consultants Bureau translations by bilingual che 
terminology. All material is translated complete} 
all diagrammatic and tabular material integral w 


227 WEST 17th STREET, 


and SOVIET RESEARCH IN CATALYSIS, Chemistry Collection III 
Covers all aspects of catalysis, selected from papers in all chemistry journals translated 
by Consultants Bureau 1949-1955. Sections may be purchased separately as follows: 


Associated Effects 262 pages $50.— Alkylation 
. General 50 pages 50.— Dehytration 274 pages $50.— 
. General 250 pages 50.— $125.— V. Polymerization 
Friedel-Crafts 
— Zeigler 128 pages 30.— 


294 pages 50.— 


to journals and collections on request; siigle journal articles may be purchased separately. 


IV. Isomerization 


The Collection, comprising 1,672 pages, 262 
papers may be purchased as a unit for $200.00 


mists, equally familiar with Russian and the technical 
ly, clearly reproduced by the multilith process; includes 
ith the text; books are staple bound. Tables of Contents 


Bureau, INC. 


NEW YORK 11, N.Y.— U.S.A. 


Telephone: Algonquin 5-0713 « Cable Address: CONBUREAU, NEW YORK 
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"CAPACITANCE BRIDGE covers the range 
of capacitance from 0 to 120 pf in seven 
ranges. Accuracy is better than 0.2 per- 
cent and within 0.01 wf in the lowest 
range. Dissipation factors from 0 to 1.05 
at a frequency of 1 kcy/sec can be meas- 
ured in three ranges. Excitation genera- 
tors and detectors are included in the 
instrument. (Electro Measurements, Inc., 
Dept. S649) 


AUTOMATIC FRACTION COLLECTOR con- 
sists of an indexing mechanism, a turn- 
table for holding the receiving tubes, 
and a volumetric siphon. Turntables are 
available for collection of up to 500 frac- 
tions in one run with fraction size rang- 
ing from 1 to 100 ml. Drop counting or 
constant time control are interchange- 
able. The drop-counting unit may be 
preset for counts up to 400. The constant 
timing unit is operative over a range 
from 18 sec to 120 min. (Research Spe- 
cialties Co., Dept. S644) 


™@ PLASTIC TUBING, reinforced with metal, 
will bend around a 5/16-in, diameter 
spindle without reduction of internal 
bore. Sizes range from ¥ to 1 in. in- 
ternal diameter. Working temperature 
ranges from 170° to —5°F and working 
pressure ranges from 100 to 200 lb/in.? 
The tubing is resistant to gasoline, oils, 
and sea water and is self-extinguishing. 
(Newage International Inc., Dept. S666) 


MDIFFERENTIAL TRANSFORMER features 
less than 2-mv null voltage. Displace- 
ment range is + 0.02 in. Output is linear 
within 0.1 percent. Input is 6.3 v at 400 
cy/sec. The transformer may be oper- 
ated at any temperature to 400°F. Mi- 
crometer threads on the case permit pre- 
cise positioning. (Automatic Timing and 
Controls Co., Inc., Dept. $655) 


CYTOANALYZER is designed to detect 
abnormal cells by microscopically scan- 
ning slides on which specimens from 
vaginal smears have been placed. The 
instrument is still in the experimental 
and testing stage. The scanner examines 
the pertinent area of the smear and con- 
verts optical signals into electrical sig- 
nals that are fed to a computer. The 
computer applies certain rules to the 
signals, measures nuclear size and nu- 
clear optical density of the cells, and 
distinguishes between normal and _sus- 
pected cells. Scanning and simultaneous 
computation take less than 0.2 msec. 
(National Institutes of Health, National 
Cancer Institute, Dept. S661 ) 


ULTRAVIOLET STREAK SPECTROGRAPH 
provides a two-coordinate photographic 
record of ultraviolet spectrum versus 
time. The spectral range is 3050 to 4350 
A. Time resolution is variable, with a 
lower limit of 0.1 usec. Linear disper- 
sion on the film is 45 A/mm, and spec- 
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tral resolution is 0.7 A. A grating is used 
as the dispersing element. The spectrum 
formed is brought to focus on a drum 
camera by a six-element, fused-quartz 
objective. The instrument will provide 
trigger signals for initiation of events to 


be studied. (Tropel Inc., Dept. S662) 


™ RADIOACTIVITY SCANNER, for mapping 
specific organs or locating neoplastic 
lesions, covers an area up to 40 by 32 
cm, The record is in constant view dur- 
ing operation. A background-erase cir- 
cuit permits contrast improvement. 
Either a standard scaler or a_pulse- 
height analyzer and a highly collimated 
detector are supplied. The equipment 
is mobile and narrow enough to pass 
through doorways. (Nuclear Corporation 
of America, Dept. $663) 


™ SMOKE-POINT LAMP, for testing hydro- 
carbon fuels, is equipped with a cali- 
brated chimney so that the smoke point, 
the maximum height (in millimeters) of 
the flame at which the fuel will burn 
without smoking, can be read off di- 
rectly. (Central Scientific Co., Dept. 
$677) 


"BATTERY “ELIMINATOR” is designed to 
replace storage battery and floater com- 
binations for spectrometers and for other 
applications in which severe stability, 
low-noise, and transient requirements 


exist. Outputs are 6 v, adjustable to +5 
percent at 0 to 5 amp, and 2 v, adjust- 
able to +5 percent at 0 to 100 ma. Rip- 
ple and noise‘are 1 mv r.m.s. at 6 v and 


0.5 mv r.m.s. at 2 v. Recovery time is 


0.001 sec for 63-percent recovery. Line 
regulation for 105- to 125-v or 210- to 
250-v input is 0.01 percent. Load regula- 
tion is 0.05 percent for 6 v output and 
5 percent for 2 v output. (American 
Electronic Laboratories, Inc., Dept. 
S672) 


™DIALYZING VESSEL for small quantities 
consists of two Pyrex parts with ground 
surfaces between which a membrane is 
held. The compartment beneath the 
membrane, which is 60 cm? in volume, 
is filled with buffer. The solution to be 
dialyzed is placed above the membrane. 
A solution volume of 1 ml can be dia- 
lyzed in 1 hr. (Kern Company, Dept. 
S664) 


™ ALPHA-BETA SURVEY METER is transis- 
torized, operating for 150 hr from two 
standard 1.5-v D-size flashlight cells. 
Three sensitive ranges have maximum 
values of 0.5, 5.0, and 50 mr/hr. The 
detecting element is a halogen-quenched 
tube with 1.4- to 2-mg/cm? window. 
(Universal Transistor Products Corp., 
Dept. S669) 

JosHua STERN 
National Bureau of Standards 


for the fields of basic 
radiological research 


DETECTOLAB DZ46 
Automatic Gamma Ray 
Spectrum Recorder 


@ Automatic single or repetitive scan 
@ Front panel selection of five scan- 
ning speeds and limits @ Automatic 
repetitive charting with no mirror 
image. 


DETECTOLAB DZ4 

Coincidence Circuit 
@ Fastest commercially-available co- 
incidence circuit (.01 u sec.) @ Capable 
of measuring minute radiation samples 


@ Reduces background 99% e Operates 
with conventional gamma spectrometer. 


DETECTOLAB DS8 

Precision Binary Scaler 
e@ Less than 2 uw sec. resolving time 
@ Positive or negative input e Front 
anel discrimination adjustment @ 


ightweight and compact for relay 
rack mounting. 


Detectolab Instruments are 
products of 

BJ ELECTRONICS 

BORG-WARNER CORPORATION 

3300 Newport Blvd., Santa Ana, Calif. 


Export Sales: Borg-Warner International, 
Chicago, Ill. 


| Dajac 


DO YOU NEED REAGENTS FOR METAL IONS? 


4-Quinoline Carboxaldehyde uranium 
Alizarin, Murexide calcium 
p-Bromomandelic acid zirconium 
1,1’-Dianthrimide aluminium 
Thioacetamide precipitant for 
metal ions 


DO YOU NEED REAGENTS FOR 
FUNCTIONAL GROUP TESTING? 


2-Hydroxy-3-Naphthaldehyde 


groups 
Ninhydrin amino acids 
2,4,7 Trinitrofluorenone polynuclear 
hydrocarbons 
2-Hydroxy-3-Naphthoic acid 3-,17-,20-keto- 
hydrazide steroids 
N-Bromomethylphthalimide alcohols and 
phenols 
Girard T ketosteroid 
Iodoacetamido-napthol (IAN) _ sulfhydryl groups 
Tetranitromethane unsaturation 


Custom Syntheses 
Invited 


The Borden Company 
5000 Langdon Street 
P.O. Box 9522 
Philadelphia 24, Pa. 
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Protein amino 


» Borden 


CHEMICAL Division 


PHOTOVOLT  Line-Operated 
Multiplier FLUORESCENCE METER 
Mod. 540 


e High-sensitivity for measurement of low concentrations 
(full-scale setting for 0.001 microgram quinine sulphate) 
@ Micro-fluorimetry with liquid volumes as low as 1 ml 
@ Low blank readings, strict linearity of instrument response 
@ Universally applicable due to great variety of available fil- 
ters, sample holders, adapters and other accessories 
@ Interference filters for high specificity of results and for 
determining spectral distribution of the fluorescent light 
e High-sensitivity nephelometry for low degrees of turbidities 
e Fluorescence evaluation of powders, pastes, slurries, and 
solids, also for spot-tests on filter paper without elution 


Write for Bulletin #392 to 


PHOTOVOLT CORP. 


95 Madison Ave. 


New York 16, N. Y. 
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new 
instruments 


for infusion 
and retracting 
of liquids 


FOR GENERAL 
APPLICATION 


HERE is an economica! and convenient means for de- 
livering small quantities of liquids at accurately con- 


trolled rates. 


A threaded shaft, carrying a syringe holder and oa 
pusher, is mounted in place of the regular drum spindle 
and rotated in the same manner. Syringes are clamped in 
place, or released by turning a single thumbscrew. The 
unit is designed to be attached to, and driven by, our 
Bird Kymograph #70-060. This propeller may be used 
with equal facility on our older model (four-speed kymo- 


graph. 


Since any Luer syringe, from 5 ml. to 50 ml. capacity 
may be used, and since the kymograph drive provides a 


given over a period of time. 


choice of five speeds, a wide range of delivery rates is available, as 
indicated in the following table. 

This instrument has clinical applications in anaesthesia, 
gynecology, radiology and neuropsychiatry. It is particularly useful for 
administering small volumes of injectible drugs which are to be 


surgery, 


71-04990 Syringe 
Driver and Kymograph 
(less drum and drum 


Approximate Delivery Rates in Milliliters per minute. 
Syringe Capacity 5 10 20 30 50 


shaft) and. without | SPeed No.2 .0059 .0118 .0157. .024 
syringe. Speed No.2 .023 .030 .059 .078 .12 
Speed No.3 .116 .148 8.29 39 0.6 
71-0499 Syringe Driver Speed No.4 .58 346 196 
only. Speed No.5 2.9 3.7 7.4 Se (28 


accurately controlled rates. 


SYRINGE RETRACTOR 


Simitar to the Bird Syringe Driver, (Catalogue No. 71-0499), 
designed for withdrawing samples of blood 


71-04492—Syringe Retractor and Kymograph 
shaft) and without syringe. 
71-04991—Syringe Retractor, complete with change-gears. 


PRHIPPS ABIRD, ine. 


Manufacturers & Distributors of Scientific Equipment 
6th & Byrd Streets - Richmond, Va. 


but is 
(or other liquids) at 


(less drum and drum 


PERSONNEL PLACEMENT 1 


CLASSIFIED: 18¢ per word, minimum 
charge $3.60, Use of Box Number 
counts as 10 additional words. Pay- 
ment in advance is required. 

COPY for classified ads must reach 
SCIENCE 2 weeks before date of issue 
(Friday of every week). 

DISPLAY: Rates listed below — no 
charge for Box Number. Monthly 
invoices will be sent on a charge 
account basis — provided that satis- 
factory credit is established. 

Single insertion $22.00 per inch 
13 times in ' year 21.00 per inch 
26 times in 1 year 20.00 per inch 
52 times in 1 year 19.00 per inch 

For PROOFS on display ads, copy must 
reach SCIENCE 4 weeks before date 
of issue (Friday of every week). 


Replies to blind ads should be addressed 
as follows: 
Box (give number) 
Science 
1515 Massachusetts Ave., NW 
Washington 5, D.C 


POSITIONS OPEN 


Assistant 
Neuro-Physiologist 
Interesting assignment in our new phar- 
eng | laboratory for young scientist 
with . degree or equivalent in physi- 
ology or related field. Familiarity with 
human nervous system and G tech- 
niques essential. Excellent benefit pro- 
gram including educational assistance. In 
corfidence send complete résumé to Per- 

sorine! Department. 
Schering Corporation 
Manufacturer of Fine Pharmaceuticals 
Orange Street 
Bloomfield, N.J. 


iil 


Biological Scientist. M.S. or equivalent in 
physiology, pharmacology, or biochemistry, or 
some combination thereof, to participate in the 
analysis of scientific data in connection with re- 
search and development activities of large manu- 
facturer. Eastern location. Liberal benefit pro- 
gram. Send complete personal data. Box 279, 
SCIENCE. 10/25 


(a) Biophysicist or Biochemist trained in radio- 
isotopes, health physics, familiar with instrumen- 
tation and statistical methods in tracer meth- 
qaology medical school research department; 
(b) Biochemist and Microbiologist, 
PhD” s preferred; 600-bed teaching hospital; 
staff has two Board pathologists; Midwest. (c) 
Neurophysiologist or Physiological Psychologist 
interested in career in audition research; prefer- 
ably Ph.D.; new laboratory; university affilia- 
tion; long-range research program; West. * 
Pharmacologist or Biochemist, preferably Ph. 
new research department, pharmaceutical com- 
pany established 82 years; expansion program; 
suburb, university city, Midwest. (e) Pharma- 
cologist, Ph.D., research laboratory, pharma- 
ceutical company; $7500-$10,000; if 
$10,000-$12,000. S103 Medical Bureau, Bur- 
neice Larson, Director, 900 North Michigan 
Avenue, Chicago. xX 


(a) Clinical Bacteriologist. M.S., Ph.D, to 
establish and supervise bacteriology laboratory, 
medical consultation service; exceptional re- 
search facilities, opportunity independent proj- 
ects; 150-bed approved hospital; to $8000; 
popular summer resort community 10,000; Mid- 
west. (b) Biochemist. Ph.D. for new research 
laboratory now being developed ; initially cardio- 
vascular research, will vary Promote later; affili- 
ated large hospital ; to $12,000; Mideast. (c) 
Chemist. B.S., M.S. experienced toxicology, 
clinical chemistry, physical methods, capable of 
all latest chemical procedare) county health 


laboratory; $6200; city 25 East. 
ward Medical Bureau, Ann Woodwark Director, 
185 N. Wabash, Chicago. xX 


POSITIONS OPEN 


VENEZUELAN INSTITUTE 
FOR NEUROLOGY AND 
BRAIN RESEARCH 
CARACAS, VENEZUELA 


invites applications for the position of 
Scientific Director of Reactor Operations 


Candidates should have a degree in 
one of the physical sciences or engi- 
neering and experience in the opera- 
tion of nuclear reactors and in the 
direction of research activities relating 
to the use of reactors and associa 
equipment. 


For further details regarding terms of 
salary, living conditions, 
detailed 


to 


W. H. Zinn 


General Nuclear Engineering Corporation 
P.O. Box 245, Dunedin, Florida 


NEW WORLD-WIDE GRADUATE 
AWARD DIRECTORY. First compilation 
ever prepared for American scientists, teachers 
and librarians to subsidize their education and 
research in over 350 bag wer iy 45 states, 30 
foreign lands. Stipends $200-$10,000. Complete 


information. Pre-publication aries before 15 
Nov. 1957, -50. Regular price, $2. CRU- 
G, Brooklyn 22, 


SADE, SCI., Box 99, 
N.Y. 10/4, 11, 18, 26; 11/1 
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OPEN 


— Quality control laboratory of ex- 
panding Philadelphia pharmaceutical manufac- 
turer desires MS. in bacteriology with 4 to 5 
years’ capatats in microbiological assay to 
analyze vitamin and antibiotic products and raw 
materials; 40-hour week. Educational assistance 
included in liberal benefit ae Send complete 
résumé. Box 274, SCIENCE 10/25 


Chemist—Data Processing. M.S. or equivalent 
in chemistry, or biochemistry with extensive ex- 
perience in information handling, to devise tech- 
nique of electronic computer to 
research and development activities. Philadelphia 
location. Liberal benefit a Send complete 
résumé. Box 275, SCIEN x 


‘Computer Programmer 
or Trainee 


Position open in 
and scientific problems for 650. 

ecessary—we will train you. Qualifica- 
tions should include a bachelor’s degree 
in either mathematics, chemistry, physics, 
or engineering. This is a new installation 
with a progressive company in attractive, 
modern quarters located in a pleasant 
northwestern suburban community—num- 
erous company benefits. Wrte: 


Personne! Department 
Products Company 
Igonquin Road 
best Plaines, Illinois 


Director, diagnostic and research tuberculosis 
laboritory, central Florida, physician or non- 
hysician microbiologist or clinical chemist. 
ex time employment will be considered. Write 
Dr. Albert V. Hardy, Director, Bureau of Lab- 
oratories, State Board of Health, P.O. Box 210, 
Jacksonville, Florida. uc 


MICROBIOLOGIST, Ph.D., recent graduate 
with experience or training in ‘tissue culture and 
virology. Responsible research position with 
rapidly expanding veterinary biological and 
pharmaceutical manufacturer located in Midwest. 
Fine working conditions, liberal employee bene- 
fits, including a profit-sharing program, and 
excellent opportunity for advancement. Please 
send complete résumé, including approximate 
salary requirements, references, and data avail- 
able in first letter. Our employees know of this 
ad and all inquiries will in strict 
dence. Box 267, SCIENCE 10/25 


Ph.D. Pharmacology. Excellent opportunity for 
man with experience in industrial pharmaceuti- 
cal research and an ability to supervise research. 
Take charge of pharmacology section in a progres- 
sive pharmaceutical firm with a pleasant er 
ban location near a large midwestern city. 
Please submit details of education, experience, 
salary availability, so forth, 
to Box 277, SCIENCE. 10/25; 11/1 


Plant-Breeder wanted to direct a cross- -breeding 
and selecting project in California. Please write, 
mentioning main qualifications, to Norman John- 
ston, Manager Research & Development, Hunt 
; oods and Industries, Inc., Hayward, 9 
ornia. 


BOOKS + SERVICES - 


The MARKET PLACE 


SUPPLIES + EQUIPMENT 


DISPLAY: ba below 
invoices will be cnn on a charge 
account — provided that sat 

factory credit is established. 


Single insertion .$22.00 per inch 


13 times in 1 year 21.00 per inch 
26 times in 1 year 20.00 per inch 
52 times in 1 year 19.00 per inch 
For PROOFS op d copy must 


reach SCIENCE 
of issue (Friday of every week). 


SERVICES 


Rese. 
TOXICITY TESTS 
; following FDA procedures, for 


Drug inst “chemicals, foods, drugs, cosmetics, 

pesticides, additives. Biological assays. 

Screening tests. Complete research and develop- 

ment services. No obligation for estimates. 
Ca!! or write Arthur D. Herrick, Director. 


NEW DRUG INSTITUTE 
130 East 59 St., New York 22 * Mu 8-0640 


TRUESD bigs 
LABORATORIES, INC. 
Chemists - Bacteriologists - Engineers 


Request Brochure and Publication 
CHEMISTRY IN ACTION, on letterhead 


er W. Truesdaii, Ph.D., President 
Jeffreys, Ph. D., Technical Director 


LABORATORY SERVICES 
for the FOOD, FEED, DRUG and 
CHEMICAL INDUSTRIES 
Analyses, Biological Evaluation, 
Toxicity Studies, Insecticide Testing 

and Screening, "Sumner Evaluation. 


Project Research and Consultation 


Write for Price Schedule 
P. ©. Box 2217 * Madison 1, Wis. 


FOOD RESEARCH LABORATORIES INC. 


ouR 55“ YEAR 


RESEARCH 


fon THE FOOD, 000, ry INDUSTRIES 
33d LONG ISLAND CITY 1, 
Office—9331_ VEN! 


HCE BOULEVARD, CULVER CITY, CALIF. 


race TEACHERS, LIBRARIANS, AD- 
MINISTRATORS urgently needed for posi- 
tions in pins states and foreign lands. Monthly 
non-fee placement journal since 1952 gives com- 
plete job data, salaries. Members’ aencations 
and vacancies listed free. 1 issue, % 00. Yearl 

(12. issues) $5.00. CRUSAD 

SCI., Box 99, Station G, Brooklyn on N.Y. ew 


WANTED |i 


Pharmacologist; 8 years, professor and head, 
pharmacognosy department, state university; 4 
years, director of research, pharmaceutical com- 
pany. Medical Bureau, Burneice Larson, Direc- 
tor, 900 North Michigan Avenue, Chicago. X 


Chemist, Ph.D., with 5 years in- 
dustrial experience desires responsible position 
with increasing administrative or supervisory 
aspects, Background includes 3 years as project 
leader where responsibility is the development of 
finished products from their initial concept as 
research ideas. This consists of supervision or 
direction of basic a formulation, pilot 
production, pharmacol — evaluation, and 
manufacturing protocol. Also possesses specialty 
experience in surgical adjuncts, enzymes, radio- 

pes and , Box 278, SCIENCE, 


LaWall & Harrisson 


Div. S, 1821 Walnut St., Philadelphia 3, Pa. 


SINCE 


Food Drug PROBLEMS 
Pharmacological 


||| SUPPLIES AND EQUIPMENT 


BACTERIOLOGICAL AND GROSS 
TISSUE STUDY TECHNIQUES USED 
IN OUR QUALITY CONTROL 
HUNTINGDON FARMS, INC. 
2548 NORTH 27th ST. PHILA. 32, PA. 


18 OCTOBER 1957 


SUPPLIES AND EQUIPMENT 


e HYPOPHYSECTOMIZED RATS 


information write 
HORMONE LABORATORI 
8159 South Spaulding Ave., Chicago 


LABORATORY 
A STIRRER Mote! #76050 
$ 3 


3 with 


Universal, low priced — 
drive stirrer for General lab- 
oratory use. High quality, 
ep duty motor; rheo- 
tat control—O to 7,000 BPM 
ta? true running chuck, 
10 In. stainless steel rod. 


WRITE FOR BULLETIN X-2 


PALO LABORATORY SUPPLIES. Inc. 


Reade St.. New York 


albino rats. 


of the 
Sopra, 


Rats 


HENRY L. FOSTER, D.V.M. 
President and Director 
THE CHARLES RIVER BREEDING LABS. 


P. O. Box P, Brookline 46, Mass. 


PURINES 


and other tagged compounds 
OF HIGH RADIOPURITY 
SPECIALTIES 
ISOTOPES ‘company INC. 


P.O. Box 688 Burbank, Calif. 


BOOKS AND MAGAZINES 


Your sets and files of 
scientific journals 


are needed by our —_— and institutional cus- 
— lists and description of 


FLUORIDATION AS A 
PUBLIC HEALTH MEASURE 


Editor: James H. Shaw 
Price $4.50, AAAS Members’ prepaid 
order price $4 


240 pp., 24 illus., index, clothbound, 1954 


This volume offers a comprehensive con- 
sideration of the present knowledge of the 
relation of fluoride ingestion to human 
health. The eminent Tuam of each 
of the 21 authors should inspire confidence 
in the unbiased authenticity of the contents. 


AAAS 
1515 Mass. Ave. NW, Washington 5, D.C. 
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APPLICATION FOR HOTEL RESERVATIONS 
124th AAAS MEETING 
Indianapolis, December 26-30, 1957 


The list of hotels and their rates and the reservation coupon below are for your convenience in making your 
hotel room reservation in Indianapolis. Please send your application, not to any hotel directly, but to the AAAS 
Housing Bureau in Indianapolis and thereby avoid delay and confusion. (Exception: Members of the American 
Astronomical Society who wish reservations at the Marott Hotel, 2625 North Meridian Street, are asked to corre- 
spond directly with that hotel.) The experienced Housing Bureau will make assignments promptly; a confirmation 
will be sent you in two weeks or less. 

As in any city, single-bedded rooms may become scarce; double rooms for single occupancy cost more; 
for a lower rate, share a twin-bedded room with a colleague. Most hotels will place comfortable rollaway beds 
in rooms or suites at 2.50 to 3.00 per night. Mail your application now to secure your first choice of desired accom- 
modations. All requests for reservations must give a definite date and estimated hour of arrival, and also probable 
date of departure. 


AMERICAN ASSOCIATION FOR THE ADVANCEMENT OF SCIENCE 
Rates for Rooms with Bath 
All hotels have sessions in their public rooms. For a list of headquarters of each participating society and section, please 
see Science, July 19, or The Scientific Monthly for August. 
Hotel Single Double Bed Twin Bed Suite 
Antlers $4.50—10.00 $7.00—12.00 $10.50—12.00 $14.50-19.50 
Claypool 7.00-10.00 9.50-14.00 10.50—14.00 13.50-34.00 
Continental 8.00-10.00 8.00-12.00 8.00—12.00 12.00-15.00 
Marott 7.00-14.50 9.00—14.50 10.00-17.50 14.50 and up 
Severin 6.00— 9.00 8.50-12.50 11.00-15.00 25.00 
Sheraton-Lincoln 6.50-11.50 9.85-15.00 13.35-16.00 24.35 and up 
Warren 6.50-10.50 8.50-12.50 12.00-13.00 25.00-35.00 
Washington 5.50—10.00 7.00—11.00 11.50—16.00 18.00—45.00 
AAAS Housing Bureau 
Indianapolis 4, Ind. 
Please reserve the following accommodations for the 124th Meeting of the AAAS in Indianapolis, Dec. 26-30, 1957: 
TYPE OF ACCOMMODATION DESIRED 
Desired Rate ............. Maximum Rate ............. Sharing this room will be: 


(Attach list if this space is insufficient. The name and address of each person, including yourself, must be listed.) 


DEPARTURE DATE 


(These must be indicated—add approximate hour, a.m. or p.m.) 


(City and Zone) (State) 
Mail this now to the Housing Bureau. Rooms will be assigned and confirmed in order of receipt of reservation. 
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<i 
First Choice Hotel Third Choice Hotel .................. 
DATE OF ARRIVAL 
= (Individual requesting reservation) (Please print or type) i 


A special pre-publication offer to “scientists, painters, 


poets, philosophers, engineers, businessmen, 


teachers, tinkers”* and others—on the five new 


SCIENTIFIC AMERICAN books 


ur 
\S 
an The brilliantly-acclaimed new series in which the world’s lead- 
bal These are the 5 new ing scientists, writing in clear, non-technical language, report 
on 
SCIENTIFIC to the layman (and to their colleagues in other fields) news of 
e5 AMERICAN the latest investigations on the frontiers of science. 
ds books 
m- IMON AND ScuusteR will shortly publish knew nothing about any of, the physical sci- 
ble THE PLANET EARTH. Required five new paperback books in the first sci- 


bie ARY. A new look at the behavior of 
lustrated. 


reading in this International Geophysi- 
cal Year. This book ignores the thin 
film of ever-changing animal and plant 
life on the Earth; it considers the forces, 
tides, and currents that stir our planet’s 
core, crust, oceans, and atmosphere. 


_176 pages. Illustrated. 


LIVES IN SCIENCE. Here the reader 
will meet two or three authentic giants, 
a hero or two, a saint and a rascal, 
sunny men of action, sour recluses, and 
a collection of eccentrics, prodigies and 
sages. Each man made his contribution 
to the 400-year history of science. 288 
pages. Illustrated. 


THE NEW CHEMISTRY. Current ac- 
tivity in the new chemistries of high 
speeds and temperatures, of “outlaw 
particles” and “free radicals,” and rare 
earths, and of exquisitely sensitive analy- 
ses that detect an atom or two at a time. 
244 pages. Illustrated. 


PLANT LIFE, Plants furnish us with 
cheap and invaluable laboratory sub- 
jects for studying growth and form, 
genetics and evolution and the under- 
lying chemistry of life — with its revo- 
lutionary impact upon agriculture and 
human nutrition. 256 pages. Illustrated. 


THE UNIVERSE. How the two con- 
tending schools of modern cosmology 
(one of which believes that the universe 
is expanding) are putting their theories 
to the test of observation. 160 pages. 
Illustrated in gravure. 


And here are the first 5 
ScieNTIFIC AMERICAN BOOKS 
(more than 40,000 of each 
already sold) 


AUTOMATIC CONTROL. About the 
mechanical “‘nervous systems” that make 
machines and factories regulate them- 
selves. 


ATOMIC POWER. The peace-loving 
atom: how nuclear reactors will be used 
to light homes and turn the wheels of 
industry. 


THE NEW ASTRONOMY. The birth 
and death of stars, red giants and blue 
dwarfs, double stars and solar systems, 
globular clusters, errant comets, inter: 
stellar dust, galaxies. 


THE PHYSICS AND CHEMISTRY 
OF LIFE. Life is explained in terms of 
the structure and behavior of the mole- 
cules that make up cells and tissues. 
270 pages. Illustrated. 


A TWENTIETH CENTURY BESTI- 


ence library of its kind. They are briefly 
described in the panel. Each book, superbly 
written, edited, and illustrated, gives a com- 
prehensive view of new discoveries and con- 
clusions in one major field of science. 

Each book derives from articles that have 
appeared in Scientific American Magazine — 
the century-old periodical which, 10 years ago 
was, in the words of the New York Times 
“miraculously transformed by new hands 
into one of the most remarkable ventures in 
the history of scientific publication. Its roster 
of contributors reads like a Who’s Who of 
contemporary science.” The New Yorker has 
called it “without much doubt our most sat- 
isfactory link between the general public and 
the laboratory.” 


How a publishing experiment 
became an instant success 


The first 5 Screntiric AMERICAN BOOKS 
were published last year. 

They were an instant success. Over 40,000 
copies of each have already been sold. 


&@ The Times calls the series “a stimulating 
source of information and reflection” for the 
reader who is “curious to learn about himself 
and the world he lives in.” 


#2 The Bulletin of the Atomic Scientists 
wrote: “They are of interest not only to the 
non-scientist but to the professional who 
wishes to be au courant with the latest de- 
velopments outside his specialization. One 
hopes Scientific American will be encouraged 
to expand its coverage with more books of 
this quality.” 


&#@ And here are typical reactions from read- 
ers: New Orleans: “It almost literally opened 
a new world for me. I’m a sociologist and 


*A partial list of the people who, 

according to the Times, are 
likely to enjoy Screntiric 
AMERICAN BOOKS. 


ences. Intelligible, exciting.” New York 
reader praises the attractive format — adding 
“but I would read this kind of writing on 
wrapping paper.” 

To these thousands of readers — as well as 
to thousands more who are about to discover 
SciENTIFIC AMERICAN BOOKS for the first time, 
we are happy to present the five new books 
in the second series. 


A special pre-publication offer 


The new titles, described in the panel, will 
soon be off press. They are handsomely 
printed, and illustrated, bound in strong paper 
covers. A large first printing enables us to 
price these books (size 54% x 8; 160 to 288 
pages) at only $1.45 each. 

Readers who order the complete set of five, 
now, will be billed at only $6 —a saving of 
$1.25 on the five books. 


SEND NO MONEY 


Examine for 3 weeks, free 


You need send no money with the reser- 
vation form. But do mail it today. The books 
will be sent to you as soon as possible. Exam- 
ine them, read them, enjoy them for 21 days. 

The publishers believe it is no overstate- 
ment to say that these books — in addition to 
being basic equipment for scientists, engi- 
neers, businessmen concerned with new scien- 
tific developments, teachers, and young people 
contemplating careers in science or engineer- 
ing — contain important and fascinating news 
for just about every literate inhabitant of our 
small but fascinating planet. 

If you are not delighted with them, send 
them back and pay nothing. Otherwise we 
will bill you at only $6 plus a few cents post- 
age. SIMON AND ScuusteR, Publishers, Dept. 
107, 630 Fifth Avenue. (Company and Insti- 
tutional inquiries invited.) 


To Your Bookseller, or: 
SIMON AND SCHUSTER, INC., Dept. 107, 
630 Fifth Avenue, New York 20, N. Y. 
Please reserve in my name and send as soon as ready the 
SECOND Set of 5 new Scientiric AMERICAN BOOKS for 
FREE examination. If not delighted, I may return the set 
within 21 days and pay nothing. Otherwise, you will bill me 
at the special price of only $6.00 plus a few cents postage, 


ayment in full. 
Cl Please ALSO send the FIRST Set of 
AMERICAN BOOKS for 2] days’ FREE examination. If 
I keep them, you will bill me at the special price of $6.00 
plus a few cents postage as payment in full. 


5 Screntiric 


SAVE POSTAGE. Check here if you are ENCLOSING 
i either set (or $12 for BOTH sets), in which case WE P 
| POSTAGE. Same return privilege, of course. 
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On 
Television, 
Friday 
Night, 
October 25 


Featured in the program on cosmic-ray research is this classic scientific photograph of positron 
tracks taken by Dr. Carl D. Anderson in 1932. Photograph courtesy of The Physical Review. 


“The Strange Case of the 


COSMIC RAYS’ 


“The Strange Case of the Cosmic Rays” 
is the third program in the Bell Telephone 
System’s new T'V Science Series. 


The two earlier programs—“Our Mr. Sun” 
and “Hemo the Magnificent” —were widely 
acclaimed by educators, scientists and the 
general public. 


Scientific accuracy is assured by a Scientific 
Advisory Board and distinguished advisors, 


including Dr. Carl D. Anderson, Dr. Bruno 
Rossi and Dr. Marcel Schein. The program 
was produced and directed by Academy- 
Award-winning director Frank Capra. 


Everyone associated with the sciences will 
find ‘“The Strange Case of the Cosmic Rays” 
of unusual interest. Don’t miss it—and re- 
mind your colleagues to see it on Friday, 
October 25. 


In color and black and white on the NBC-TV network, Friday, October 
25, 9-10 P.M., E.D.T. Please check your local listing for time and station. 


Sponsored by BELL TELEPHONE SYSTEM 
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